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(57) ABSTRACT

Provided i1s an electronic apparatus including a cooling fan
and a cover configuring an outer wall of an air flow path and
having a heat sink arranged therein, and effectively utilizing
a frame as a member for heat radiation.

A cooling fan 40 1s arranged on the opposite side of a circuit
board across an upper frame 20 and attached to the upper
frame 20. The electronic apparatus includes a cover having
a shape for covering the air flow path and defining a wall of
the air tlow path together with the upper frame 20. Heat

sinks 61 and 62 are arranged on the mner side of the cover
50.
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1
ELECTRONIC APPARATUS

TECHNICAL FIELD

The present invention relates to a cooling structure for an
clectronic apparatus.

BACKGROUND ART

Conventionally, electronic apparatuses including a cool-
ing fan for cooling electronic parts on a circuit board 1s used.
In the electronic apparatus described in US Patent Applica-
tion Publication No. 2010/0234086, a cooling fan 1s
arranged such that the rotation axis thereof 1s perpendicular
to a circuit board. The electronic apparatus described 1n the
patent document includes a cover covering an air flow path
tformed 1n the outer circumierence of the cooling fan. A heat
sink thermally connected to electronic parts 1s arranged
inside the cover.

SUMMARY OF INVENTION

The electronic apparatus described 1n the patent document
includes a plate-like frame to which the circuit board 1is
attached and an plate besides the frame. The cover and the
cooling fan are arranged on the plate and fixed on the plate.
The plate 1s attached to the frame, whereby the positions of
the cooling fan and the cover are fixed i the electronic
apparatus. In such structure, 1t often occurs that heat transfer
1s not sufliciently performed between the frame and the
plate. In that case, since heat transferred from the heat sink
to the plate less easily diffuses through the frame, the frame
1s not effectively used as a member for heat radiation.

The frame has various devices (e.g., a hard disk drive)
fixed thereon provided to the electronic apparatus. When the
cooling fan rotates, 1t 1s undesirable that vibration of the
cooling fan 1s transmitted to the devices such as the hard disk
drive through the frame.

An electronic apparatus according to the present invention
includes a circuit board, a frame, a cooling fan, a cover, and
a heat sink. The frame 1s formed by a plate having a size
corresponding to the circuit board or a size larger than the
s1ze corresponding the circuit board. The frame covers the
circuit board. The circuit board 1s fixed to the frame. The
cooling fan 1s located on the opposite side of the circuit
board across the frame and attached to the frame. The
clectronic apparatus includes an air tlow path on the frame
through which the air discharged from the cooling fan
passes. The cover has a shape for covering the air flow path
and defines a wall of the air flow path together with the
frame. The heat sink 1s arranged 1nside the cover. With such
an electronic apparatus, heat transierred from the heat sink
to the frame 1s transierred to the outer side of the cover as
well through the frame. Therefore, 1t 1s possible to etlec-
tively use the frame as a member for heat radiation.

An electronic apparatus according to the present invention
includes a circuit board, a frame covering the circuit board
and attached to the circuit board, a cooling fan arranged on
the frame, including a bottom portion attached to the frame
and having a rotation axis along the thickness direction of
the circuit board, and a projection projecting from one of the
bottom portion of the cooling fan and the frame toward the
other to secure a clearance between the bottom portion of the
cooling fan and the frame. With such an electronic appara-
tus, 1t 1s possible to reduce a contact area between the
cooling fan and the frame. Therefore, 1t 1s possible to
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2

suppress the vibration of the cooling fan from being trans-
mitted to other devices or parts on the frame.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 an exploded perspective view of parts incorporated
in an electronic apparatus according to an embodiment of
the 1vention.

FIG. 2 a perspective view 1llustrating a state in which the
parts 1llustrated 1n FIG. 1 other than a cover are combined
with one another.

FIG. 3 a perspective view 1llustrating a state in which the
parts 1llustrated in FIG. 1 are combined with one another.

FIG. 4 a perspective view of an upper frame and a cooling
fan included in the electronic apparatus.

FIG. 5 a plan view of the upper frame, the cooling fan, and
heat sinks of the electronic apparatus.

FIG. 6 a diagram for explaining air flow paths formed
inside the cover included in the electronic apparatus,
wherein a horizontal cross section of the cover 1s 1llustrated.

FIG. 7 a perspective view of the heat sinks.

FIG. 8 a bottom view of the cooling fan.

FIG. 9 an enlarged perspective view of the upper frame,
wherein a portion where a first heat sink 1s arranged 1s
illustrated.

FIG. 10 a perspective view of the lower side of the portion
illustrated 1n FIG. 9.

FIG. 11 a bottom view of the upper frame.

FIG. 12 a perspective view illustrating a modification of
the first heat sink.

FIG. 13 an enlarged front view of the first heat sink
illustrated 1n FIG. 12.

FIG. 14 a perspective view 1llustrating still another modi-
fication of the first heat sink.

FIG. 15A a perspective view of an electronic apparatus
according to an embodiment of the present imvention.

FIG. 15B a bottom view of the electronic apparatus
illustrated in FIG. 15A.

FIG. 16 a perspective view 1illustrating a modification of
an upper frame included 1n the electronic apparatus.

FIG. 17 an exploded perspective view of a cover, a
cooling fan, and the upper frame for explaining the modi-
fication of the upper frame included 1n the electronic appa-
ratus.

FIG. 18 a plan view of devices illustrated 1n FIG. 16,
wherein the inside of the cover 1s illustrated.

FIG. 19 a sectional view taken along a XIX-XIX line
illustrated in FIG. 18.

FIG. 20 a perspective view of another example of the
devices 1included 1n the electronic apparatus according to the
embodiment of the present invention.

FIG. 21 an exploded perspective view of the devices and
parts 1llustrated in FIG. 20.

FIG. 22 a perspective view of a cooling fan included 1n a
cooling unit illustrated 1 FIG. 21, wherein the bottom
surface of the cooling fan 1s illustrated.

FIG. 23 a plan view illustrating a positional relation
between a base plate and an upper frame included in the
cooling fan 1illustrated 1in FIG. 22.

FIG. 24 a sectional view of the cooling unit taken along
a XXIV-XXIV line illustrated in FIG. 23.

DESCRIPTION OF EMBODIMENTS

An embodiment of the invention will be described below
with reference to the drawings. FIG. 1 1s an exploded
perspective diagram of the parts that are built into the
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clectronic apparatus according to the embodiments of the
invention. FIG. 2 1s a perspective diagram that illustrates a
state 1n which the parts illustrated in FIG. 1 excluding the
cover are combined with one another. FIG. 3 1s a perspective
diagram that illustrates a state in which the parts 1llustrated
in FIG. 1 are combined with one another. FIG. 4 1s a
perspective diagram of an upper frame 20 and a cooling fan
40 that the electronic apparatus includes. FIG. 5 15 a plane
diagram of the upper frame 20, the cooling fan 40, and heat
sinks 61 and 62 of the electronic apparatus. FIG. 6 1s a
diagram for describing air tlow paths S1 and S2 that are
formed inside a cover 50 that the electronic apparatus
includes, and 1illustrates a horizontal cross-section of the
cover 50. In the description below, X1-X2 1llustrated 1n FIG.
1 1s the left and right direction and Y1-Y2 1s the fore and rear
direction.

As 1llustrated 1n FIG. 1, the electronic apparatus includes
a circuit board 10. A plurality of electronic parts are mounted
on the circuit board 10. The circuit board 10 has a plurality
of (in this example, two) IC chips 11 and 12 mounted
thereon. The electronic apparatus 1s an entertainment device
such as, for example, a game device or an audio-visual
device. The IC chips 11 and 12 are microprocessors for
controlling the entirety of the electronic apparatus or image
processing processors that generate moving image data
based on information output from microprocessors.

The circuit board 10 1n this example has a plurality of
connectors 13a to 13e¢ mounted thereon. The connectors 13a
to 13e are used for electrically connecting the circuit board
10 to other component that are built into the electronic
apparatus, or used for being connected with cables con-
nected to peripheral apparatuses.

As 1llustrated 1n FIG. 1, the electronic apparatus includes
a plate-like upper frame 20 that covers the circuit board 10.
In this description, the upper frame 20 covers the upper face
of the circuit board 10. The upper frame 20 has a size that
corresponds to the circuit board 10. That 1s, the width of the
upper frame 20 1n the fore and rear direction and the width
of the upper frame 20 in the left and right direction respec-
tively correspond to the width of the circuit board 10 in the
fore and rear direction and the width 1n the left and rnight
direction of the circuit board 10. In this example, the upper
frame 20 1s approximately rectangular. On the other hand,
the circuit board 10 has a shape in which a area of the
rectangle (portion indicated by A in FIG. 1) 1s missing. Other
device such as hard disk drive 1s arranged in the missing area
A.

The size of the upper frame 20 1s not necessarily limited
to the description above, and may be a larger size than the
circuit board 10. That 1s, one or both of the width of the
upper frame 20 1n the fore and rear direction and the width
of the upper frame 20 1n the left and right direction may be
larger than the circuit board 10. Further, the shapes of the
upper frame 20 and the circuit board 10 are not limited to the
description above. For example, the circuit board 10 may
also be a rectangle.

The upper frame 20 1s a member formed by a pressing
process or a bending process from one metallic plate. That
circuit board 10 1s fixed to the upper frame 20 by a fastening
member such as bolts and screws (not shown). Therelore,
the upper frame 20 functions as a member that secures the
rigidity of the circuit board 10. Further, the upper frame 20
functions as a heat-releasing member to the parts mounted
on the circuit board 10. The circuit board 10 and the upper
frame 20 have, at positions corresponding to each other,
holes formed thereon into which the fastening members are
inserted. Further, the upper frame 20 1s also fixed to a
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4

housing (not shown) that contains the devices that are built
into the electronic apparatus. Therefore, the upper frame 20
also functions as a member for securing the rigidity of the
housing. Further, as will be described 1n detail later, the
upper frame 20 also functions as a member that blocks
unnecessary electromagnetic radiation from the IC chips 11
and 12 and the like. Here, the upper frame 20 and the cooling
fan 40, the cover 50, and the like illustrated 1n FIG. 1 are
arranged within the housing of the electronic apparatus.

As 1llustrated 1n FIG. 1, the electronic apparatus in this
example icludes a lower frame 30 positioned to the oppo-
site side of the upper frame 20 with the circuit board 10
therebetween. That 1s, the lower frame 30 covers the lower
face of the circuit board 10. The upper frame 20, the circuit
board 10, and the lower frame 30 are fixed to the housing by
shared (that 1s, common) fastening members. The upper
frame 20, the circuit board 10, the lower frame 30 and the
housing have, at positions corresponding to one another,
holes 1into which the fastening members are inserted. Here,
the fixing structure of the circuit board 10 and the upper
frame 20 1s not limited to such an example, and shared
fastening members may not be used.

As 1llustrated 1n FIGS. 1 and 2, the electronic apparatus
includes the cooling fan 40 arranged on the upper frame 20.
That 1s, the cooling fan 40 1s arranged on the opposite side
to the circuit board 10 with the upper frame 20 therebe-
tween. Further, the electronic apparatus has the air flow
paths S1 and S2 (refer to FIG. 6) through which air dis-
charged from the cooling fan 40 passes on the upper frame
20. As 1llustrated 1n FIGS. 1 and 3, the electronic apparatus
includes a cover 50 with a shape to cover the air flow paths
S1 and S2. The cover 50 1s disposed on the upper frame 20
and defines the air flow paths S1 and S2 together with the
upper frame 20. That 1s, the air flow paths S1 and S2 are
formed 1nside the cover 50, and the upper frame 20 and the
cover 30 function as outer walls defining the air flow paths
S1 and S2. Further, heat sinks 61 and 62 described later are
arranged 1nside the cover 50. According to such a structure,
since the heat which the upper frame 20 receives from the
heat sinks 61 and 62 and the IC chips 11 and 12 which
spreads to the outside of the cover 50 through the upper
frame 20, the upper frame 20 can be used ellectively as a
heat-releasing member.

In this example, as 1llustrated 1n FIG. 2, the cooling fan 40
1s arranged such that 1ts rotation axis C 1s perpendicular to
the circuit board 10. This arrangement of the cooling fan 40
forms, on the upper frame 20, large air flow paths S1 and S2
surrounding the periphery of the cooling fan 40. As a result,
it 1s possible to increase, on the upper frame 20, regions
cooled by the air flowing in the air flow paths S1 and S2.

The cover 50 1s a substantially box-shaped member which
1s open toward the upper frame 20. The cover 50 1s attached
to the upper frame 20 such that the upper frame 20 blocks
the open bottom of the cover 50. The wall defining the air
flow paths S1 and S2 1s constituted with the cover 50 and the
upper iframe 20 to thereby have a closed cross-sectional
shape. Here, the term “the cross-sectional shape™ 1s deter-
mined as the shape of cross-section of the wall taken with
section surface orthogonal to the air flow direction of the air
flow paths S1 and S2.

As 1llustrated 1 FIG. 3, the cover 50 includes an upper
wall 52 facing the upper frame 20 in the thickness direction
of the circuit board 10. Further, the cover 50 includes a side
wall 51 extending downward from the edge of the upper wall
52 to the upper frame 20. That 1s, the side wall 51 stands on
the upper frame 20 and functions as the side wall of the air

flow paths S1 and S2. The lower edge of the side wall 51 1s
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in contact with the upper frame 20. Here, the downstream
end of the cover 50, that 1s, the downstream end of the air
flow path S2 1s open in the air flow direction thereof
(direction 1ndicated by D i FIG. 6).

The side wall 51 of this example has a shape of surround-
ing the periphery of the cooling fan 40. Specifically, as
illustrated 1n FIG. 6, the side wall 51 includes a curved wall
51a curved so as to surround the periphery of the cooling fan
40. Further, the side wall 51 includes a first side wall 51c¢
extending 1n the air flow direction (direction indicated by D
in FIG. 6, rearward direction in this example) from one end
515 of the curved wall 51a (hereinafter, the one end 1is
referred as terminal portion). Furthermore, the side wall 51
includes a second side wall 51e extending in the air tlow
direction D from the other end 51d of the curved wall 51qa
(hereinafter, the other end 1s referred as start portion). The
curved wall 51aq, the first side wall 51¢, and the second side
wall 51e are extending downward from the edge of the upper
wall 52 to the upper frame 20.

The cover 50 covers the air flow paths S1 and S2 around
the cooling fan 40 while avoiding the upper side of the
cooling fan 40. That 1s, as illustrated 1n FIG. 3, the upper
wall 52 has, on the upper side of the cooling fan 40, an
opening 52a formed therein and having a size corresponding
to the diameter of the cooling fan 40. Air 1s introduced 1nto
the air flow paths S1 and S2 through the opening 52a by
rotationally driving the cooling fan 40. The shape of the
cover 50 will be described 1n detail later.

As described above, the cover 50 1s attached to the upper
frame 20. Therefore, the upper frame 20, the cooling fan 40,
and the cover 50 are able to be treated 1ntegrally during the
manufacturing process ol the electronic apparatus, which
improves work etliciency.

In this example, as illustrated 1n FIG. 3, the side wall 51
includes, on the bottom edge of the side wall 51, projecting
portions 34 and 35 that project parallel to the upper frame
20. The projecting portions 34 and 55 include, on the ends
of the projecting portions 54 and 55, fixed portions 344 and
53a extending to the upper frame 20, respectively. The fixed
portions 34aq and 55a are fixed to the upper frame 20 by
fastening members such as screws and bolts. As illustrated
in FIG. 2, the upper frame 20 includes a mounted plate
portion 21 on which the cover 50 and the cooling fan 40 are
mounted. The mounted plate portion 21 1s surrounded by
steps 21a, and 1s positioned higher than other portions of the
upper frame 20. That 1s, the mounted plate portion 21 1s
spaced upward from the circuit board 10. Positioning the
fixed portions 34a and 35a away from the lower edge of the
side wall 51 allows to make the positioning of the steps 21a
freer. A plurality of through holes 215 are formed on the
steps 21a. Here, as 1llustrated in FIG. 3, a plurality of fixed
portions 53 are formed on the lower edge of the side wall 51
in addition to the projecting portions 34 and 35. The fixed
portions 33 are also fixed to the upper frame 20 by the
fastening members.

In this example, the cooling fan 40 and the cover 50 are
oflset toward one side in the left and right direction on the
upper frame 20. Further, the cooling fan 40 and the cover 50
are oflset toward one side 1n the fore and rear direction on
the upper frame 20. Other devices built into the electronic
apparatus are fixed to the remaining regions ol the upper
frame 20. For example, a power source circuit or a reading
device of a recording medium may be athxed.

As 1llustrated 1n FIG. 1, the electronic apparatus includes
the heat sinks 61 and 62. The electronic apparatus in this
example includes the two heat sinks 61 and 62. As described
above, the heat sinks 61 and 62 are arranged 1nside the cover
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50. The heat sinks 61 and 62 are positioned over the air tlow
path S2 that 1s formed 1nside the cover 50 (refer to FIG. 6).

FIG. 7 1s a perspective diagram of the heat sinks 61 and
62. As illustrated 1n the drawing, the heat sinks 61 and 62
respectively have plate-shaped heat receiving blocks 61a
and 62a on the lower portions thereof. The lower faces of the
heat receiving blocks 61a and 62a respectively contact the
IC chips 11 and 12 mounted on the circuit board 10. The heat
receiving blocks 61a and 62a are positioned closer to the
circuit board 10 than the upper frame 20 1s. Further, the heat
sinks 61 and 62 have a plurality of fins 615 and 626 formed
on the upper portions thereof, each of the plurality of fins
615 and the plurality of fins 625 having intervals between
cach other. The fins 615 and 6256 are positioned further
upward than the upper frame 20 and are positioned on the air
flow path S2 formed within the cover 50. In this example,
cach of the fins 615 and 625 are arranged along the fore and
rear direction (air flow direction indicated by D 1n FIG. 6).

The heat receiving block 61a and the fins 615 are a
member integrally manufactured, and the heat receiving
block 62a and the fins 626 are also a member integrally
manufactured. For example, the heat recerving block 61a
and the fins 615 are manufactured by an extrusion process of
extruding material 1n a direction parallel to the fins 615.
Similarly, the heat receiving block 62a and the fins 625 are
manufactured by an extrusion process of extruding material
in a direction parallel to the fins 625. Here, the manufac-
turing method of the heat receiving blocks 61a and 62a and
the fins 615 and 625 1s not limited to such a method. For
example, the fins 615 and 6256 may be manufactured by
swaging boards. Further, the heat receiving blocks 61a and
62a and the fins 615 and 626 may be manufactured by
casting. The upper frame 20 has a shape that avoids the heat
sinks 61 and 62. In thus example, the mounted plate portion
21 of the upper frame 20 has holes 23 and 29 having shapes
of correspond to the shapes of the heat sinks 61 and 62
respectively. Such a shape of the upper frame 20 allows to
make the heat receiving block 61a and the fins 615 1ntegral
member and to make the heat recerving block 62a and the
fins 626 1ntegral member. According to such a configuration,
the structure of the electronic apparatus can be simplified
compared to a structure in which the heat receiving blocks
61a and the fins 615 are manufactured separately and the
heat recerving blocks 62a and the fins 625 are manufactured
separately and then the heat receiving blocks 61a and 62a
are fixed to the lower face of the upper frame 20 with the fins
615 and 626 arranged further upward than the upper frame
20.

As 1llustrated 1n FIG. 4, the holes 23 and 29 corresponding
to the shapes of the heat sinks 61 and 62 are formed on the
mounted plate portion 21 of the upper frame 20. The heat
sinks 61 and 62 are respectively arranged inside the holes 23
and 29. According to that configuration, the strength of the
upper frame 20 can be secured compared to a structure in
which a portion of the outer edge of the upper frame 20 1s
cut out and the heat sinks 61 and 62 are arranged on the cut
portion.

Further, the heat sinks 61 and 62 are arranged 1nside the
holes 23 and 29, and thus the positions thereof are deter-
mined by the upper frame 20. As described above, the circuit
board 10 and the upper frame 20 are fixed to each other. It

1s therefore possible to suppress deviations in the relative
position of the IC chips 11 and 12 and the heat sinks 61 and

62.

As 1llustrated 1in FIG. 7, the heat sink 62 includes, on the
heat receiving block 62a, a plurality of protrusions 62c¢
protruding upward. As 1llustrated 1n FIG. 4, holes 29q 1to
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which the protrusions 62c¢ fit are formed on the edge of the
hole 29 of the upper frame 20. The positioning of the heat
sink 62 1s determined by the protrusions 62¢ and the holes
29a. The position determining structure of the heat sink 61
will be described later in detail.

The heat sinks 61 and 62 are pressed against the chips 11
and 12. In thus example, the heat receiving blocks 61a and
62a are pulled downward by a plate spring (not shown) that
1s arranged on the lower side of the lower frame 30 and
pressed against the IC chips 11 and 12 by the plate spring.

As 1llustrated 1n FIG. 4, the steps 21a described above are
tformed on the upper frame 20. The steps 21a are positioned
on the outside of the side wall 51 of the cover 50, and are
formed along the lower edge of the side wall 51. A plurality
of through holes 215 lined up 1n the extending direction of
the steps 21a are formed on the steps 21a. Air flows through
the through holes 215 1nto between the circuit board 10 and
the mounted plate portion 21. Further, the mounted plate
portion 21 has a plurality of through holes 21e formed
thereon and positioned on the lower side of the cooling fan
40. When the cooling fan 40 1s rotationally driven, air tlows
into between the circuit board 10 and the mounted plate
portion 21 through the through holes 215. And then, the air
passes through the through holes 21e and the cooling fan 40,
and then flows through the air flow paths S1 and S2 1n the
cover 50.

In a structure of the related art in which the cooling fan 40
and the cover 50 are fixed to a plate that 1s separate from the
upper frame, since a boundary (gap) 1s caused between the
plate and the upper frame, it 1s diflicult to form the steps 21a
near the lower edge of the side wall 51 of the cover 50. With
the electronic apparatus described here, since the cover 50
and the cooling fan 40 are fixed to the upper frame 20 which
1s an integral member, 1t becomes easy to form the steps 21a
near the lower edge of the side wall 51 of the cover 50 along,
the lower edge of the side wall 51.

The fixing structure of the cooling fan 40 will be
described. FIG. 8 1s a bottom view of the cooling fan 40.

As 1llustrated in FIG. 4, the cooling fan 40 includes a rotor
41 and a plurality of fins 43. The rotor 41 1s cylindrical, and
the plurality of fins 43 protrude 1n a radial direction from the
outer circumierence of the rotor 41. The plurality of fins 43
are arranged around the rotation axis C at even intervals 1n
a circumiferential direction. As illustrated in FIG. 8, the
cooling fan 40 includes a fixed hole 42a. The fixed hole 42a
1s fixed to the upper frame 20 by a fasteming member such
as a screw. The fixed hole 42a 1s positioned closer to the
rotation axis C than the plurality of fins 43 are. In a structure
in which fixed holes are on the outsides of the plurality of
fins 43, it 1s necessary to provide apart with the fixed holes
to the outsides of the plurality of fins 43. That part imnhibits
direct contact of the air tlow 1n the cover 50 with the upper
frame 20, and causes a decrease in the heat releasing
elliciency of the upper frame 20. With the electronic appa-
ratus described here, the fixed hole 42a 1s positioned closer
to the rotation axis C than the fins 43 1s. It 1s therefore
possible to reduce the number of fixed holes that are
positioned on the outsides of the plurality of fins 43, and 1t
1s possible to reduce the number and size of parts positioned
outside the plurality of fins 43. As a result, the surface of the
upper frame 20 (specifically the mounted plate portion 21)
has a larger area capable of directly contacting with the air
flow, which can improve the heat releasing efliciency of the
upper frame 20.

As 1llustrated in FIG. 8, 1n this example, the fixed hole 42a
1s positioned on the rotation axis C. It 1s therefore possible
to stably fix the cooling fan 40 to the upper frame 20. As
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illustrated 1n FIG. 4, the upper frame 20 has, at a position
corresponding to the fixed hole 42a, 1nto which a fastening
member 1s 1nserted. The cooling fan 40 has a column-like
stator arranged inside the cylindrical rotor 41. As illustrated
in FIG. 8, the stator has a disk-like bottom portion 42. The
fixed hole 42a 1s formed on the bottom portion 42.

The bottom portion 42 has protrusions 426 formed
thereon at a position apart from the fixed hole 424. In this
example, two protrusions 426 are formed on the bottom
portion 42. The protrusions 425 are positioned on opposite
sides to each other across the fixed hole 42a. On the other
hand, as illustrated in FI1G. 4, the upper frame 20 has holes
21/ formed thereon at positions corresponding to the pro-
trusions 42b. The protrusions 425 {it 1n the holes 21/4. In that
structure, the positional deviation in the rotation direction of
the cooling fan 40 on the upper frame 20 1s suppressed.

As 1llustrated 1n FIG. 2, the rotor 41 includes an upper
wall 41a, and thus the shape of the rotor 41 1s a cylinder in
which the top end 1s closed by the upper wall 41a. The stator
1s fitted 1n the rotor 41 from below. In other words, the rotor
41 1s arranged such that the upper side thereot 1s covered by
the stator. With that arrangement of the rotor 41 and the
stator, the position of the rotor 41 during use of the elec-
tronic apparatus 1s lowered due to the weight of the rotor 41
itself. As a result, the structure for optimizing the positions
of the rotor 41 and the stator in the vertical direction can
become simple.

As 1llustrated 1n FIGS. 4 and 8, the cooling fan 40
includes, on the bottom thereotf, a fan plate portion 44 that
1s parallel to the upper frame 20. The fan plate portion 44
spreads further outwardly 1n the radiation direction than the
outer diameters of the plurality of fins 43. As described
above, the upper frame 20 includes the mounted plate
portion 21 that serves as the bottom of the air tlow paths S1
and S2. The fan plate portion 44 1s positioned further
outward than the outer edge of the mounted plate portion 21
(the outer edge 1s a portion illustrated by a broken line B 1n
FIG. 5). The fan plate portion 44 functions as the bottom of
the air flow paths together with the mounted plate portion
21. By providing the fan plate portion 44 to the cooling fan
40, 1t 1s possible to make the positioning of the cooling fan
40 on the upper frame 20 freer.

As 1llustrated in FIGS. 4, 5, and 8, the fan plate portion 44
includes a spreading portion 44a on a portion thereof. The
spreading portion 44a spreads further outward in the radial
direction than the outer circumierences of the plurality of
fins 43 and 1s positioned further outward than an outer edge
B of the mounted plate portion 21. The spreading portion
d44q has a shape that corresponds to the air flow paths formed
on the periphery of the cooling fan 40 (more specifically, the
first air flow path S1 described later (refer to FI1G. 6)). In this
example, a width W1 of the first air flow path S1 gradually
increases in the circumierential direction (toward the down-
stream direction of the air flow path S1) around the rotation
axis C. Therefore, as 1llustrated 1n FIG. 4, a width Wp of the
spreading portion 44a also increases gradually toward the
downstream of the air flow paths. By that shape of the
spreading portion 44a, an excessive spreading of the spread-
ing portion 44a 1s suppressed and the first air flow path S1
defined by a wall with a closed cross-sectional shape 1s
formed 1nside the cover 30.

In this example, the fan plate portion 44 1s formed on the
same plane as the bottom portion 42 of the stator. Further, as
illustrated in FIG. 8, the fan plate portion 44 has an approxi-
mate ring shape that surrounds the bottom portion 42.
Further, the fan plate portion 44 and the bottom portion 42
are coupled with each other by a plurality of bridges 4456 that
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extend from the bottom portion 42 in the radial direction.
The spreading portion 44a spreads from a portion of the
outer circumierence of the fan plate portion 44. An electric
wire 45 for supplying electric power to the cooling fan 40 1s
arranged on one bridge 445 of the plurality of bridges 445.

As 1llustrated in FIG. 5, the cooling fan 40 includes a fixed
plate portion 44c¢ projecting further outward from the
spreading portion 44a. A hole 44e 1s formed on the fixed
plate portion 44¢, and the fixed plate portion 44c¢ 1s fixed to
the upper frame 20 by a screw fitted 1n the hole 44e. The hole
d4¢ 1s positioned on the outside of the cover 50. It is
therefore possible to suppress the screw fitted 1n the hole 44¢
from becoming an obstruction in the air tflow.

Furthermore, a hole 44f 1s formed on the fixed plate
portion 44c. A hole 44¢ 1s formed on the edge of the
spreading portion 44a. Protrusions formed on the lower
edges of the side wall 51 of the cover 50 are fitted 1n the
holes 44f and 44¢. In that structure, the positional deviation
between the cooling fan 40 and the cover 50 1s suppressed.

As described above, the upper frame 20 includes a plu-
rality of through holes 21e positioned on the lower side of
the cooling fan 40 (refer to FIG. 4). Further, as described
above, the upper wall 52 of the cover 50 has, on the upper
side of the cooling fan 40, the opening 52a with a size
corresponding to the diameter of the cooling fan 40 (refer to
FIG. 3). Air 1s introduced toward the cooling fan 40 through
the opening 52a and the through holes 21e when the cooling
tan 40 1s rotationally driven. The air tlows out toward the air
flow paths S1 and S2 from the cooling fan 40 1n the radial
direction.

As 1illustrated 1n FIG. 4, the cooling fan 40 includes a
plate-like upper ring portion 43a on the outer circumierence
of the cooling fan 40. The upper ring portion 43a couples the
ends of the upper edges of the plurality of fins 43 to each
other. The diameter of the upper ring portion 43a corre-
sponds to the diameter of the opening 52a of the upper wall
52, and the upper ring portion 43a 1s arranged 1n proximity
to the mner edge of the opening 52a. By that configuration,
it 1s possible to prevent wastetul air flows from being caused
when the cooling fan 40 1s rotationally driven. Specifically,
it 1s possible to prevent the air introduced 1nside the cover 50
by the cooling fan 40 from flowing out to the outside of the
cover 50 through between the inner edge of the opening 52a
and the upper edges of the fins 43. In this example, the 1nner
circumierence portions of the upper ring portion 43a and the
opening 52a face each other 1n the vertical direction with a
minute clearance formed therebetween.

Further, as illustrated in FIG. 4, the cooling fan 40 of this
example further includes a plate-like lower ring portion 435.
The lower ring portion 435 couples the ends of the lower
edges of the plurality of fins 43 to one another. The diameter
of the lower ring portion 435 corresponds to the diameter of
the fan plate portion 44. The upper ring portion 43a and the
lower ring portion 435 prevent deformations of the fins 43.

The shape of the cover 50 and the air flow paths formed
inside the cover 50 will be described with reference to FIG.
6.

As described above, the cover 30 covers the air tlow paths
S1 and S2 that are formed on the periphery of the cooling fan
40. The side wall 51 of the cover 50 surrounds a portion of
the periphery of the cooling fan 40 as described above, and
includes the curved wall 51a that defines the first air flow
path S1 between the curved wall 51a and the outer circum-
terence of the cooling fan 40. Further, the side wall 51
includes the first side wall 51¢ extending further from the
terminal portion 515 that 1s one end of the curved wall 51a.
The first side wall 51¢ functions as a side wall of the second
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air flow path S2 that 1s a downstream flow path continuous
from the first air flow path S1. Furthermore, the side wall 51
includes the second side wall S1e facing the first side wall
51c. The second side wall S1e functions as a side wall on the
opposite side to the first side wall 51¢ of the second air tlow
path S2.

The curved wall 51a 1s curved such that the tlow path
cross-sectional area of the first air flow path S1 becomes
gradually larger downstream in the first air tflow path S1.
That 1s, the curved wall 51a 1s curved such that a distance
R from the rotation axis C of the cooling fan 40 thereto
becomes gradually greater downstream. The distance R
between the curved wall 51a and the rotation axis C of the

cooling fan 40 1s shortest at the start portion 514 of the
curved wall 51a, that 1s, at the upstream end of the curved
wall S1a. The start portion 514 1s positioned apart the
circumierence of the cooling fan 40 in the radial direction.
The distance R becomes gradually greater toward the ter-
minal portion 51b.

In this example, the curved wall 51a 1s curved along a
logarithmic spiral (equiangular spiral) around the rotation
axis C of the cooling fan 40. A function that represents the
logarithmic spiral of the curved wall 51qa 1s determined as a
curved line that passes both of the position of the start
portion 314 and the position of the terminal portion 515.
That 1s, the logarithmic spiral 1s represented by Formula 1
below.

R=axe b0 Formula 1

“a” 1s the distance between the start portion 51d and the
rotation axis C of the curved wall 51a. “€” 1s a natural
logarithm. “[_1” 1s the angle between a straight line connect-
ing each point on the curved wall 51a with the rotation axis
C and a straight line connecting the start portion 5314 with the
rotation axis C. “b” 1s a coellicient, and for example, 1s
obtained by the angle between a straight line connecting the
terminal portion 515 with the rotation axis C and the straight
line connecting the start portion 514 with the rotation axis C,
and the distance from the terminal portion 515 to the rotation
axis C.

With a structure in which the curved wall 51a 1s curved,
the air that flows along the curved wall 51a faces resistance
due to changes 1n the direction of the tangent of the curved
wall 51a. The angle between a tangent at every point on the
logarithmic spiral and the straight line connecting the por-
tion with the rotation axis C 1s fixed. Therefore, the structure
in which the curved wall 51a 1s curved along the logarithmic
spiral can reduces a resistance due to changes in the direc-
tion of the tangent against the air that flow along the curved
wall 51a. Therefore, the air along the curved wall 51a does
not easily decelerate, and it 1s possible to increase the
amount of air that flows through the first air flow path S1.

Alternatively, the curved wall 31a may be curved along an
involute curve around the rotation axis C of the cooling fan
40 such that the flow path cross-sectional area of the first air
flow path S1 becomes gradually larger toward the second air
flow path S2. Even 1n that structure, a function that repre-
sents the involute curve of the curved wall 51a 1s determined
as a curved line that passes through both the relative position
of the starting portion 31d to the rotation axis C and the
relative position of the terminal portion 315 to the rotation
axis C. The curved wall 51a curved along the involute curve
1s similar, 1n 1ts formation, to the curved wall 51a curved
along the logarithmic spiral. Therefore, even 1n that structure
where the curved wall 51a 1s curved along the involute
curve, the air along the curved wall S1a does not easily
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decelerate, and it 1s possible to increase the amount of air
that flows through the first air flow path S1.

The second air flow path S2 has a wider flow path
cross-sectional area than that of the downstream end of the
first air flow path S1 (the downstream end of the first air flow
path S1 1s a position corresponding to the terminal portion
516 of the curved wall 51a). That 1s, a width W2 of the
second air flow path S2 1s greater than a width We of the
downstream end of the first air flow path S1. In this example,
the width W2 becomes gradually greater downstream 1n the
second air tlow path S2 from the downstream end of the first
air flow path S1. In this description, the width W2 1s the
width 1n a perpendicular direction to the air flow direction D
in the second air tlow path S2. Further, the air flow direction
D 1n the second air flow path S2 1s a comprehensive
(macroscopic) air flow direction of air flowing in the second
air flow path S2. The air flow direction D 1s determined by
the posture of the heat sinks 61 and 62 and the fins 615 and
62b, the extending direction of the first side wall 51¢ and the
second side wall 51e, or the opening direction of the
downstream end of the first air flow path S1. In this
description, the air flow path direction D is the rearward
direction.

The heat sinks 61 and 62 are arranged on the second air
flow path S2. In other words, the heat sinks 61 and 62 are
arranged further downstream than the downstream end of
the first air flow path S1. As described above, the second air
flow path S2 has a larger flow path cross-sectional area than
that of the downstream end of the first air flow path S1. The
heat sinks 61 and 62 therefore do not easily cause a decrease
in the speed of the air flow, and good cooling efliciency are
obtained.

The first side wall 51c¢ 1n this example includes a straight
line portion 51/. The straight line portion 51f extends 1n a
straight line from the terminal portion 515 of the curved wall
51a 1n the tangential direction (1n this example, the air tlow
direction D) at the terminal portion 515. The air that tlows
along the curved wall 51a can therefore flow 1n a straight
line along the first side wall 51¢ without the speed thereof
being greatly reduced.

Further, the first side wall 51¢ in this example has a
slanted portion 51g extending further from the straight line
51/. The slanted portion 51g 1s slanted to the outside 1n the
perpendicular direction to the air flow direction D (in this
example, the slanted portion 51g 1s slanted 1 a direction
indicated by X2). In that structure, the flow path cross-
section area of the downstream portion 1n the second air flow
path S2 1s widen by the slanted portion 51¢g. As a result, the
air that flows along the straight line portion 51f can pass
through the second air flow path S2 smoothly.

The upstream portion of the first side wall S1¢, that 1s, the
portion of the straight line 51/ close to the curved wall 514
overlaps with the rear half portion of the cooling fan 40 1n
the perpendicular direction to the air flow path direction D.
Accordingly, the upstream portion of the second air flow
path S2 1s formed between the outer circumierence of the
cooling fan 40 and the first side wall 51c¢. Therelore, the tlow
path cross-sectional area of the upstream portion of the
second air flow path S2 becomes larger downstream by a
rate of increase that 1s defined by the outer circumierence of
the rear half portion of the cooling fan 40.

The second side wall 51e that opposes the first side wall
51c¢ 1s far apart from the first side wall 51¢ 1n the perpen-
dicular direction to the air flow direction D. Specifically, as
described later, the second side wall 51e 1s positioned on the
opposite side to the first side wall 51c¢ across a straight line
[.2 that passes through the rotation axis C along the air tlow
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direction D. The downstream portion of the second air tlow
path S2 1s defined between the first side wall 31¢ and the
second side wall 5le.

The start portion 51d of the curved wall S1a 1s connected
to the second side wall 51e. Air flow generated by the
rotational driving of the cooling fan 40 can therefore be used
cllectively. Further, the start portion 514 1s positioned apart
from the outer circumierence of the cooling fan 40 1n a radial
direction. Air therefore tlows into the upstream end (position
corresponding to the start portion 51d) of the first air tlow
path S1 smoothly. The entire range between the start portion
51d (coupled portion with the second side wall 51¢) and the
terminal portion 515 (coupled portion with the first side wall
51c¢) 1s curved along the logarithmic spiral or the involute
curve.

The start portion 514 1s positioned on the opposite side to
the terminal portion 515 across the straight line L2 that
passes through the rotation axis C of the cooling fan 40
along the air flow direction D. Referring to FIG. 6, the start
portion 51d 1s positioned apart from the straight line L2 1n
the perpendicular direction to the air flow direction D. In this
example, the terminal portion 515 1s apart from the start
portion 51d by an angle [Ic that 1s greater than 180 degrees
and less than 270 degrees 1n a circumiferential direction
around the rotation axis C. That structure enables the air to
flow 1n the second air flow path S2 ethiciently. Specifically,
an air tlow F1 1s formed at a position apart from the rotation
axis C 1n the air flow direction D, in this example, formed
at a position positioned directly rearward from the rotation
axis C. The air forced out by the rotating fins 43 1s ejected
from the cooling fan 40 1n a diagonal direction to the radial
direction of the cooling fan 40. The air flow F1 therefore
faces diagonally backward as illustrated 1n FIG. 6, and has
a speed component 1n the air flow direction D. The air with
such speed component can be supplied directly to the second
air flow path S2 without going through the first air flow path
S1. That 1s, the speed component in the air flow direction D
which the air flow F1 has can be used eflectively.

The second side wall 51e extends from the start portion
51d 1n a diagonal direction to the air flow direction D. The
air flow F1 can therefore tflow along the second side wall 51e
smoothly.

Further, in this example, the first side wall 51¢ 1s formed
along the air flow direction D, and the second side wall Sle
1s slanted with respect to the first side wall S1¢. Therelore,
the air flow cross-sectional area of the second air flow path
S2 gradually becomes larger downstream between the first
side wall 51¢ and the second side wall 51e. The downstream
portion of the second side wall 51e extends in a direction
along the air flow direction D.

The second side wall 51¢ includes a curved portion 31/ on
the end thereof. That i1s, the second side wall 51e 1s curved

from the start portion 514 toward the outside 1n the perpen-
dicular direction to the air flow direction D, and then extends
in a direction diagonal to the air flow direction D. The air
flow formed on the periphery of the cooling fan 40 can
therefore be divided smoothly between an air flow F2 along
the second side wall 51e and an air flow F3 toward the first
air tlow path S1.

As described above, the electronic apparatus in this
example includes the two heat sinks 61 and 62. In the
description below, the heat sink 61 1s referred as a first heat
sink and the heat sink 62 1s referred as a second heat sink.
The second heat sink 62 1s arranged further downstream than

the first heat sink 61.
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The first heat sink 61 1s arranged along the first side wall
51¢c. The air that tlows along the curved wall S1la can
therefore flow into the first heat sink 61 without greatly
losing speed.

As described above, the first heat sink 61 includes a
plurality of fins 615. The fins 615 are arranged along the first
side wall 51¢ (more specifically, the straight line portion
51f). That 1s, the fins 615 are arranged in parallel with the
first side wall S1c¢. Further, the fins 615 are arranged to be
parallel with the opeming direction of the downstream end of
the first air flow path S1 (in this example, the rearward
direction). The air that has tlowed from the first air tlow path
S1 can therefore pass through between the fins 615
smoothly.

In this example, the first heat sink 61 includes a down-
stream portion 61B that 1s positioned between the first side
wall 51¢ and the second side wall 51e. Further, the first heat
sink 61 extends upstream from the downstream portion 61B
to thereby include an upstream portion 61A positioned
between the first side wall 51¢ and the outer circumierence
of the cooling fan 40. Providing the upstream portion 61A
to the first heat sink 61 leads to enlarge a portion which
receives fast air flowed out of the first air flow path S1. In
this example, the upstream end of the first heat sink 61 1s
positioned at the downstream end of the first air flow path
S1.

The first heat sink 61 includes not only a portion posi-
tioned rearward from the downstream end of the first air flow
path S1 but also a portion positioned rearward from the
cooling fan 40, that 1s, a portion positioned 1n the air tlow
direction D from the cooling fan 40. It 1s therefore possible
to cool the first heat sink 61 with both the air that flows
directly out from the cooling fan 40 in the air flow direction
D and the air that flows out from the first air flow path S1.
In this example, the end of the first heat sink 61 (end toward
the second side wall 51¢) 1s positioned in the air flow
direction D from the rotation axis C of the cooling fan 40.

Further, the first heat sink 61 1n this example has a shape
of surrounding a portion of the outer circumiference of the
cooling fan 40. That 1s, the front edges of the plurality of fins
61b are on a curved line along the cooling fan 40. It 1s
therefore possible to arrange the first heat sink 61 1n prox-
imity to the cooling fan 40. As a result, the air that flows out
from the cooling fan 40 flows into the first heat sink 61
betore the speed drops greatly.

As described above, the second side wall 51e 1s connected
to the start portion 51d of the curved wall 51a. The start
portion 514 1s positioned apart from the downstream portion
61B of the first heat sink 61 1n the circumierential direction
of the cooling fan 40. The second side wall 51e 15 also
positioned apart from the downstream portion 61B 1n the
perpendicular direction to the air tflow direction D. A space
S2a 1s therefore formed between the downstream portion
61B and the second side wall 51e. As a result, the air flow
can be divided smoothly between the air flow F2 toward the
space S2a and the air flow F3 toward the first air flow path
S1 without being disturbed at the coupling portion between
the second side wall 51e and the start portion 514d.

Further, the second side wall 51e 1s slanted such that the
distance between the fins 615 of the first heat sink 61 and the
second side wall S1e gradually increases downstream. The
flow path cross-sectional area of the space S2a therefore
becomes gradually larger downstream. As a result, the air
flow F2 becomes even smoother.

The first heat sink 61 1s offset toward the first side wall
51¢ from the second side wall 51e. That 1s, the distance
between the second side wall 51e and the downstream
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portion 61B of the first heat sink 61 i1s greater than the
distance between the first side wall 51¢ and the downstream
portion 61B. It therefore becomes possible to provide air
into the upstream end of the first air flow path S1 smoothly
and provide, to the first sink 61, the fast air immediately after
flowing out of the first air flow path S1.

As described above, the second heat sink 62 1s arranged

downstream of the first heat sink 61. The second heat sink
62 1s also positioned apart from the second side wall 51¢ 1n
the perpendicular direction to the air tlow direction D. A
smooth air flow can therefore be formed between the second
heat sink 62 and the second side wall 51e. The air flow path
formed between the first heat sink 61 and the second side
wall S1e (that 1s, the space S2a) continues to the downstream
end 50a of the cover 50.
The second heat sink 62 1s positioned apart from the first
side wall 51¢ 1n the perpendicular to the air flow direction D.
In this example, the first side wall 51¢ includes the slanted
portion 51g. The second heat sink 62 1s positioned apart
from the slanted portion 31g.

As described above, the upper frame 20 covers the circuit
board 10, and functions as a shield to block electromagnetic
waves that are emitted from the circuit board 10. The
position determining structure of the first heat sink 61 by the
upper frame 20 and a structure for obtaining electrical
contact between the first heat sink 61 and the upper frame 20
for reducing the electromagnetic waves from the first heat
sink 61 will be described below. FIG. 9 1s an enlarged
perspective diagram of the upper frame 20, and in the
drawing, the portion where the first heat sink 61 1s arranged
1s illustrated. FIG. 10 1s a perspective diagram of the reverse
side of the portion illustrated 1n FIG. 9. FIG. 11 1s a bottom
diagram of the upper frame 20. Here, in these drawings, the
through holes 21e described with reference to FIG. 4 are
omitted.

As described above, the first heat sink 61 1s arranged on
the circuit board 10. More specifically, the first heat sink 61
1s arranged on the IC chip 11. The upper frame 20 has a
shape that avoids the first heat sink 61. In this example, a
hole 23 with a shape corresponding to the first heat sink 61
1s formed on the upper frame 20. The first heat sink 61 1s
arranged 1nside the hole 23, and thus the upper frame 20 has
an edge that surrounds the entire outer circumierence of the
first heat sink 61 (that 1s, the inner edge of the hole 23). By
arranging the first heat sink 61 inside the hole 23, as will be
described later, it 1s possible to define the position of the first
heat sink 61 i1n both the fore and rear direction and the left
and right direction by the upper frame 20.

As 1llustrated in FIGS. 4 and 9, the upper frame 20
includes a first edge 23a, a second edge 235H, a third edge
23c, and a fourth edge 234 as the edge surrounding the outer
circumierence of the first heat sink 61 (that 1s, the inner edge
of the hole 23). The first and second edges 23a and 235 are
positioned on opposite sides to each other across the first
heat sink 61. In this example, the first and second edges 23a
and 235 are opposed i the perpendicular to the air tlow
direction D of the second air flow path S2. The third and
fourth edges 23c¢ and 234 are also positioned on opposite
sides to each other across the first heat sink 61. The third and
fourth edges 23c¢ and 23d are opposed in the air flow
direction D of the second air flow path S2.

In this example, the first edge 23qa 1s formed 1n a straight
line to match the shape of the first heat sink 61. On the other
hand, steps 237 and 23i are formed on the second edge 235
to match the shape of the first heat sink 61. Further, steps 23/
and 23% are respectively formed on the third edge 23¢ and
the fourth edge 234 to match the shape of the first heat sink
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61. The shapes of the edges 23a, 235, 23¢, and 234 may be
changed as appropriate to match the shape of the first heat
sink 61.

As 1llustrated 1n FIG. 9, the upper frame 20 includes
spring portions 24 on the first edge 23a which push the first
heat sink 61 toward the second edge 235, that 1s, push the
first heat sink 61 1n the perpendicular direction to the air flow
direction D (direction indicated by X1). Further, the upper
frame 20 includes, on the second edge 235, a position
determining portion 25 against which the first heat sink 61
1s pressed. In that structure, while the position of the first
heat sink 61 1s determined 1n the perpendicular direction to
the air flow direction D, the upper frame 20 and the first heat
sink 61 come 1nto electric contact. The upper frame 20 1s
clectrically grounded. Electromagnetic radiation from the
fins 615 1s therefore suppressed. In this example, the upper
frame 20 includes a plurality of spring portions 24 (in this
example, five spring portions 24). In this example, the
position determining portion 25 1s a plate-like part. The
spring portions 24 and the position determining portion 25
tace toward opposite sides to each other 1n the perpendicular
direction to the air flow direction D.

Further, as illustrated i FIG. 10, the upper frame 20
includes, on the third edge 23c¢, spring portions 26 pushing
the first heat sink 61 toward the fourth edges 234, that 1s,
pushing the first heat sink 61 1n the air flow direction D.
Further, the upper frame 20 includes position determining
portions 27 and 28 against which the first heat sink 61 1s
pressed on the fourth edge 234d. In that structure, while the
position of the first heat sink 61 1s determined 1n the air flow
direction D, the upper frame 20 and the first heat sink 61
come 1nto electric contact. In this example, as will be
described later, the upper frame 20 includes a plurality of
spring portions 26 (in this example, two). The position
determining portions 27 and 28 in this example are plate-like
parts. The spring portions 26 and the position determinming,
portions 27 and 28 face toward opposite sides to each other
in the air flow direction D.

As 1llustrated 1n FIGS. 9 and 10, the position determining
portions 25, 27, 28, the spring portions 24, 26 and the upper
frame 20 are formed integrally. That 1s, the position deter-
mimng portions 25, 27, and 28 and the spring portions 24
and 26 are formed by partially bending an original plate
material to form the upper frame 20 1n bending process. The
position determimng portions 25, 27, and 28 in this example
are plate-like parts bent toward the circuit board 10.

The position determiming portion 25 formed on the second
edge 23H has high rigidity compared to the spring portions
24 on the opposite side thereot. That 1s, although the spring
portions 24 are elastically deformable, the position deter-
mimng portion 25 has a shape in which elastic deformation
toward the outside of the hole 23 1s limited. For example, a
width WS (refer to FI1G. 9) of the base portion of the position
determining portion 25 (*the base portion™ 1s referred as a
coupling portion between the second edge 23b and the
position determining portion 23) 1s designed so that the
position determining portion 235 cannot easily be deformed
than the spring portions 24. Further, the distance between the
base portion of the position determining portion 25 and a
portion 1n which the position determining portion 25 and the
first heat sink 61 come 1nto contact (the portion is protrusion
25a described later) 1s designed so that the position deter-
mimng portion 25 cannot easily be deformed. The position
of the first heat sink 61 1s therefore determined 1n a perpen-
dicular to the air flow direction D by the position determin-
ing portion 25.
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Similarly, the position determining portions 27 and 28
formed on the fourth edge 234 have high rigidity compared
to the spring portions 26 on the opposite thereol. Specifi-
cally, although the spring portions 26 are elastically deform-
able, the position determining portions 27 and 28 have a
shape to limit their elastic deformation toward the outside of
the hole 23. For example, widths W7 and W8 (refer to FIG.
10) of the base portions of the position determining portions
27 and 28 (the base portion 1s referred as coupling portion
between the fourth edge 234 and the position determining
portions 27 and 28) are designed so that the position
determining portions 27 and 28 are not easily deformed.
Further, the distance between the base portions of the
position determining portions 27 and 28 and portions in
which the position determining portions 27 and 28 come 1nto
contact with the first heat sink 61 (the portions are protru-
sions 27a and 28a described later) 1s designed so that the
position determining portions 27 and 28 are not easily
deformed. The position of the first heat sink 61 1n the air
flow direction D 1s therefore determined by the position
determining portions 27 and 28.

As 1llustrated 1n FI1G. 9, the spring portions 24 formed on
the first edge 23a protrude upward from the first edge 23a.
That 1s, the spring portions 24 extend in the opposite
direction to the direction in which the circuit board 10 1s
arranged from the upper frame 20. Furthermore, the spring
portions 24 push the fin 615 positioned on the end of the
plurality of fins 615 of the first heat sink 61. It 1s therefore
casy to secure the lengths (heights) of the spring portions 24.

In this example, each spring portion 24 includes two
support portions 245 that extend upward. The two support
portions 245 extend upward from two positions distant from
cach other 1n a direction along the first edge 23a (in this
example, the direction 1s the air flow direction D). Further,
cach spring portion 24 includes a plate spring-like contact
arm portion 24a positioned between the two support por-
tions 24b. The contact arm portions 24a 1s pressed against
the fins 615 (refer to FIG. 2). In the structure, the contact arm
portion 24a can be protected by the support portions 245b.
For example, external force can be suppressed from acting
on the contact arm portion 24a by the manufacturing process
ol the electronic apparatus.

In this example, the upper ends of the two support
portions 24b are coupled with each other. The contact arm
portion 24a extends downward from the upper end of the
support portions 245 and 1s slanted toward the fins 615. The
contact arm portion 24a has a lower portion 1n contact with
the fins 61b. The contact arm portion 24a 1s elastically
deformable using the base portion (upper end) thereof as the
origin of the deformation. In that structure, the contact arm
portion 24qa 1s surrounded by the two support portions 2456
and the contact arm portion 24a can be eflectively protected
by the two support portions 24b.

As will be described later, the position determining por-
tion 25 projects from the second edge 235 of the upper frame
20 toward the circuit board 10. On the other hand, the
support portions 245 extend upward from the first edge 23a
of the upper frame 20, and as described above, the contact
arm portion 24a extends downward from the upper ends of
the support portions 24b, that 1s, extends toward the upper
frame 20. Furthermore, the lower portion of the contact arm
portion 24a, that 1s, the portion close to the upper frame 20,
1s 1n contact with the fins 615. Therefore, compared to a
structure 1 which the contact arm portion 24a extends
upward and i1ts upper portion contacts the fins 615, the
difference 1n height between the position where the contact
arm portion 24a contacts the fins 615 and the position where
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the position determining portion 25 contacts the first heat
sink 61 1s reduced, and thus the momentum generated on the
first heat sink 61 can be suppressed.

As described above, a plurality of spring portions 24 are
formed on the first edge 23a. The force to press the first heat
sink 61 against the position determining portion 23 1s
therefore increased. The first edge 23a 1n this example 1s
parallel to the air flow path direction D. The plurality of
spring portions 24 are lined up 1n a direction parallel to the
fins 615, that 1s, a direction parallel to the air flow direction
D. It 1s therefore possible to suppress the spring portions 24
from causing air resistance. Here, as described above, the
first side wall 51c¢ of the cover 50 1s formed along the fins
61b6. The plurality of spring portions 24 are therefore also
lined up along the first side walls Slc.

As 1llustrated 1n FIG. 9, the position determining portion
25 projects from the second edge 235 toward the circuit
board 10. Specifically, the position determining portion 25 1s
bent toward the circuit board 10. It 1s therefore possible to
suppress the position determining portion 25 from becoming
an obstruction to the air flow. In particular, 1n this example,
it 1s possible to suppress the position determining portion 23
from becoming an obstruction against the air that tlows
through the space S2a (refer to FI1G. 6) between the first heat
sink 61 and the second side wall S1e. The height of the
position determining portion 25 1n the up and down direction
corresponds to the distance between the upper frame 20 (in
this example, the mounted plate portion 21) and the circuit
board 10.

As 1llustrated 1n FIG. 10, the spring portions 26 protrude
from the third edge 23¢ toward the circuit board 10. Further,
the position determining portions 27 and 28 project from the
fourth edge 23d toward the circuit board 10. That 1s, the
spring portions 26 and the position determining portions 27
and 28 are bent toward the circuit board 10. Since both the
spring portions 26 and the position determining portions 27
and 28 are folded on the same side with respect to the upper
frame 20, 1t 1s possible to suppress the momentum generated
on the first heat sink 61. Further, since the spring portions 26
and the position determining portions 27 and 28 are bent to
opposite sides to the air flow paths, it 1s possible to prevent
the spring portions 26 and the position determining portions
2’7 and 28 from obstructing the air flow. Here, the heights of
the spring portions 26 and the position determining portions
27 and 28 1n the up and down direction correspond to the
distance between the upper frame 20 (in thus example, the
mounted plate portion 21) and the circuit board 10.

The heat recerving block 61a of the first heat sink 61 1s
positioned toward the circuit board 10 from the upper frame
20. A side surface of the heat receiving block 61a 1s pressed
against the position determining portion 25. Since the heat
receiving block 61a 1s a block of metal, the heat receiving
block 61a has high rigidity compared to the fins 61b.
Therefore, compared to a structure where the position deter-
miming portion 25 1s 1n contact with the fins 615, the
precision of the positioning of the first heat sink 61 can be
improved. Similarly, a side surface of the heat receiving
block 61a 1s also pressed against the position determining
portions 27 and 28. In the manufacturing process of the first
heat sink 61, there may be a case where mechanical pro-
cesses such as cutting are applied to the outer circumierence
of the heat receiving block 61a. It 1s possible to obtain
generally high processing precision 1n mechanical process-
ing. Pressing the side surfaces of the heat receiving block
61a against the position determining portions 25, 27, and 28
enables the first heat sink 61 to obtain even higher precision
ol positioming thereof.
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As 1llustrated 1n FIG. 10, the spring portions 26 include a
base portion 26a bent toward the circuit board 10. The spring
portions 26 are plate springs extending from the base portion
264 1n a direction parallel to the circuit board 10. The spring
portions 26 extend from the base portion 26a thereof along
a side surface of the heat receiving block 61a. The spring
portions 26 are elastically deformable using the base portion
26a therecol as the origin of the deformation. The upper
frame 20 in this example includes two spring portions 26
that extend 1n opposite directions to each other from a shared
base portion 26a. Ends of the two spring portions 26 have
are 1 contact with a side surface of the heat receiving block
61a. Since it 1s therefore possible to increase the force to
push the heat receiving block 61a and push the wide range
of the side surface of the heat receiving block 61a, 1t 1s
possible to suppress the rotation of the first heat sink 61
inside the hole 23. The two spring portions 26 are connected
to the third edge 23¢ via the shared base portion 26a thereof.

In this example, the third edge 23¢ 1s an edge that 1s
positioned more downstream 1n the air flow paths than the
fourth edge 23d. Therelore, the spring portions 26 push the
first heat sink 61 upstream. Therefore, compared to a struc-
ture 1n which the spring portions 26 push the first heat sink
61 downstream, it 1s possible to decrease the gap between
the heat recerving block 61a of the first heat sink 61 and the
fourth edge 234 positioned upstream. As a result, the air to
flow 1nto the second air flow path S2 and then hit the fins 615
can be suppressed from flowing to the back side of the upper
frame 20 through such a gap.

The spring portion 26 includes, its distal end, protrusion
266 protruding to a side surface of the heat receiving block
61a so as to be 1n contact with the side surface of the heat
receiving block 61a. According to that structure, since the
heat receiving block 61a and the spring portions 26 are
stable 1n their contact positions, compared to a structure in
which there are no such protrusions 265. And thus, the
stability of the electrical connection between the first heat
sink 61 and the upper frame 20 can be secured.

As 1llustrated 1n FIG. 9, the position determiming portion
25 1ncludes a protrusion 25a protruding to the first heat sink
61, that 1s, protruding to a side surface of the heat receiving,
block 61a. The side surface of the heat receiving block 61a
1s 1n contact with the protrusion 25a. As illustrated in FIG.
10, protrusions 27a and 28a protruding toward a side surface
of the heat receiving block 61a are also formed on the
position determining portions 27 and 28 formed on the
fourth edge 23d. The side surface of the heat recerving block
61a 1s 1n contact with the protrusions 27a and 28a. Accord-
ing to that structure, since the heat receiving block 61a and
the position determining portions 25, 27, and 28 are stable
in their contact positions, compared to a structure where the
entirety of each of the plate-like position determining por-
tions 25, 27, and 28 1s in contact with a side surface of the
heat receiving block 61a. And thus, the precision of the
positioning of the first heat sink 61 and the stability of the
clectrical connection between the first heat sink 61 and the
upper frame 20 can be improved.

As 1llustrated 1n FIG. 9, the upper frame 20 includes a
plate spring-like spring portion 25¢ extending from the
position determining portion 25 1n a direction parallel to the
circuit board 10, i other words, that extending along a side
surface of the heat recerving block 61a. The spring portion
25¢ includes, on the end of the spring portion 25¢, a
protrusion 254 that 1s pressed against a side surface of the
heat receiving block 61a. Further, as illustrated in FIG. 10,
the upper frame 20 includes a plate spring-like spring
portion 27¢ extending from the position determining portion
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27 1n a direction parallel to the circuit board 10, in other
words, extending along a side surface of the heat receiving
block 61a. The spring portion 27¢ includes, on the end
thereot, a protrusion 274 pressed against a side surface of the
heat recerving block 61a. Rattling of the first heat sink 61 or
the rotation of the first heat sink 61 inside the hole 23 1s
suppressed by the spring portions 25¢ and 27¢. The elasticity
of the spring portion 25¢ 1s less than the elasticity of the
contact arm portions 24a of the plurality of spring portions
24 formed on the opposite side thereotf. The first heat sink 61
1s therefore pressed against the protrusion 25a of the posi-
tion determining portion 25 by the contact arm portions 24a.
Further, the elasticity of the spring portion 27c¢ 1s less than
the elasticity of the spring portion 26 formed on the opposite
side thereof. The first heat sink 61 i1s therefore pressed
against the protrusions 27a and 28a of the position deter-
mimng portions 27 and 28 by the spring portions 26.

As described above, a plurality of spring portions 24 are
formed on the first edge 23a. As 1illustrated in FIGS. 9 and
11, the protrusion 25a of the position determining portion 25
1s positioned to the opposite ol a position between two
spring portions 24 positioned on both ends out of the
plurality of spring portions 24. In that structure, it 1s possible
to suppress momentum from being generated on the first
heat sink 61 by the elasticity of the plurality of spring
portions 24. In particular, the protrusion 25q 1s positioned at
an opposite position to the intermediate position of the
plurality of spring portions 24. That i1s, the intermediate
position of the plurality of spring portions 24 and the
protrusion 25a are positioned on a common straight line
perpendicular to the air flow direction D.

As 1llustrated 1n FIGS. 10 and 11, the protrusion 28a of

the position determining portion 28 1s positioned opposite to
a position between the two spring portions 26. In that
structure, momentum can be suppressed from being gener-
ated on the first heat sink 61 by the elasticity of the spring
portions 26. In particular, the protrusion 28a 1s positioned
opposite to the intermediate position of the protrusions 265
of the two spring portions 26. In other words, the interme-
diate position of the protrusions 265 of the spring portions

26 and the protrusion 28a are positioned on a common
straight line along the air flow direction D.

As described above, the two position determining por-
tions 27 and 28 are formed on the fourth edge 23d. As
illustrated 1 FIGS. 10 and 11, the position determining
portions 27 and 28 are apart from each other 1n the perpen-
dicular direction to the air flow direction D. According to
that structure, the positioning of the first heat sink 61 inside
the hole 23 1s stabilized. In this example, the position
determining portion 28 1s formed on one end of the fourth
edge 23d, and the position determining portion 27 1s formed
on the other end. The position determining portion 27 1s
shifted 1n the perpendicular direction to the air flow direction
D with respected to the two spring portions 26 formed on the
third edge 23c.

As 1llustrated 1n FIG. 10, in addition to the two spring
portion 26, an auxiliary wall 23e 1s formed on the third edge
23c. The auxiliary wall 23e has a protrusion 23/ protruding
to a side surface of the heat receiving block 61a. Further, a
protrusion 26¢ 1s also formed on the common base portion
264 of the two spring portions 26 formed on the third edge
23c. According to that a structure, even 1n a case where the
first heat sink 61 1s arranged toward the third edge 23¢ by a
manufacturing fault, the contact position between a side
surface of the heat recerving block 61a and the upper frame
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20 1s stabilized. As a result, the stability of the electrical
connection between the first heat sink 61 and the upper
frame 20 can be improved.

As 1llustrated i FIG. 9, the second edge 235 1ncludes a
wall 23¢g bent to the upper side, that 1s, bent to the opposite
side to the circuit board 10. The wall 23g can increase the
strength of portions of the upper frame 20 which are close
to the wall 23¢ Further, The wall 23g facilitates the manu-
facture process of fitting the first heat sink 61 into the hole
23 from the lower side of the upper frame 20.

As 1llustrated 1n FIG. 9, a long thin plate 23/ extending
inwardly inside the hole 23 and arranged to be approxi-
mately parallel to the upper frame 20. When fitting the first
heat sink 61 inside the hole 23 from the lower side of the
upper frame 20, the first heat sink 61 can be prevented from
popping out upward from the hole 23.

A structure for reducing the vibrations of the fins 615 of
the first heat sink 61 will be described. FIG. 12 1s a
perspective diagram of a first heat sink 161 that 1s a
modification of the first heat sink 61. FIG. 13 1s an enlarged
front view of the first heat sink 161. In the description below,
the same references are given to parts that are the same as
parts described thus far, and detailed description thereot wall
be omitted. The arrangement of the first heat sink 161 within
the electronic apparatus 1s the same as that of the first heat
sink 61 described above.

As 1llustrated 1n FIG. 12, similarly to the first heat sink 61
described above, the first heat sink 161 includes a plate-like
heat receiving block (base) 61a and a plurality of fins 615
extending upward from the heat receiving block 61a. The
plurality of fins 615 are lined up 1n a direction along the heat
receiving block 61a, that 1s, 1n the perpendicular direction to
the air flow direction D, leaving gaps therebetween.

Further, the first heat sink 161 includes a coupling mem-
ber 163 that i1s separately manufactured member from the
heat recerving block 61a or the fins 61b5. The coupling
member 163 1s attached to the edges of the plurality of fins
615. In other words, the coupling member 163 1s attached to
the edges of the fins 615. In this example, the coupling
member 163 1s positioned apart upward from the heat
receiving block 61a, and 1s attached to the upper edges of the
plurality of fins 615, that 1s, the opposite edges to the heat
receiving block 61a. The air flow 1n the air flow paths S1 and
S2 1s formed by each fin 43, and thus the air tlow pulsates
microscopically due to the rotation speed of the cooling fan
40. Attaching the coupling member 163 on the fins 615 can
deduce the vibrations of the fins 615 due to the air flow from
the cooling fan 40. Further, since the coupling member 163
1s attached to the upper edges of the fins 615, the coupling
member 163 can be suppressed from obstructing the air tlow.

As described with reference to FIGS. 9 to 11, the heat
receiving block 615 and the fins 61a are in contact with the
upper frame 20. Specifically, the heat receiving block 615
and the fins 61a are in contact with the spring portions 24
and 26 and the position determining portions 25, 27, and 28.
Reducing the vibrations of the fins 615 leads to reduce
vibrations transmitted via the upper frame 20 to other
devices that are arranged on the upper frame 20, for
example, a reading reproduction device of storage media or
an external storage device that 1s arranged 1n the region A
illustrated 1n FIG. 1.

Depending on the rotation speed of the cooling fan 40, the
plurality of fins 615 of the first heat sink 161 cause sympa-
thetic vibrations by the pulsations of the air tlow, between
the fins 615 and other members arranged 1n the electronic
apparatus, or between the fins 61b. Specifically, under
pulsations of the air flow 1s caused by the cooling fan 40
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driven at a certain rotation speed, the thicknesses, sizes, and
shapes of the fins 615 designed for meeting a demand 1n the
cooling etfliciency for the first heat sink 161 causes sympa-
thetic vibrations between the pulsations of the air flow and
the fins 615, between two fins 615, between the fins 614 and
the upper frame 20, or between other devices that mounted
on the upper frame 20 and the fins 615. The coupling
member 161 attached to the fins 615 can reduce the gen-
eration of the sympathetic vibrations.

The coupling member 161 1s formed by a material with a
buflering function that can reduce the vibrations of the fins
615b. In other words, the coupling member 161 1s formed by
a material that 1s able to change the natural frequency of the
fins 61b. For example, the coupling member 161 1s formed
by a material with elasticity, stretchability, and flexibility, for
example, by a resin such as elastomer or a resin tape.
Further, the coupling member 161 may be formed by a resin
with rigidity such as a plastic. Furthermore, the coupling
member 161 may be polystyrene foam or a paper material
such as cardboard. Here, the coupling member 161 may be
an insulating material or a conductive material that can
reduce unnecessary radiation (conductive rubber).

The coupling member 163 has a shape into which edges
of the plurality of fins 615 fit. In this example, the coupling
member 163 1s a long thin member 1n the direction 1n which
the fins 615 are lined up (left and right direction). As
illustrated 1n FIG. 13, a plurality of grooves 163a are formed
on the lower face thereotf. The plurality of grooves 163a are
lined up 1n the liming direction of the fins 615, and the
positions of the grooves 163a respectively correspond to the
positions of the fins 615. Furthermore, the upper edges of the
fins 615 are fitted 1nto the grooves 163a. With that structure,
the upper edges of the fins 615 are coupled with one another.
In this example, the widths of the grooves 163a equate to the
thicknesses of the fins 615. With that structure, the vibra-
tions of the fins 615 can be prevented more effectively. The
shape of coupling the fins 615 1s not limited thereto.

For example, protrusions may be formed on the edges of
the fins 615, and the coupling member 163 may have holes
thereon into which the protrusions fit respectively. Further,
an adhesive may be applied to the inner faces of the grooves
163a or the entire lower face of the coupling member 163.
By that structure, the generation of vibrations of the fins 615
can be suppressed more reliably.

The plurality of fins 615 include a plurality of fins 615
having different lengths from one another imn a direction
along the plurality of fins 615, that 1s, different lengths 1n the
air flow direction D. The coupling member 163 1s attached
to the fins 61a with different lengths. In this example,
similarly to the first heat sink 61 described above, the first
heat sink 161 1s arranged in the vicinity of the cooling fan
40. The plurality of fins 615 includes, 1n 1ts portion on the
rear side of the cooling fan 40, front edges lined up on a
curved line curved to match the outer circumierence of the
cooling fan 40 (refer to FIG. 6). The lengths of the plurality
of fins 61b positioned to the rear of the cooling fan 40
therefore become gradually shorter toward the fins 615 at the
end, that 1s, toward the straight line L2 passing through the
rotation axis C of the cooling fan 40 (refer to FIG. 6). The
coupling member 163 1s attached to the plurality of such fins
616 with different lengths. The fins 615 have natural fre-
quencies corresponding to the lengths thereof. By coupling
a plurality of fins 615 having different natural frequencies
from one another by the coupling member 163, vibrations of
the coupling member 163 itself are less prone to be gener-
ated, and 1t 1s possible to reduce the vibrations of the fins 6156
more eflectively. Further, since the coupling member 163 1s
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attached to all of the plurality of fins 615 with difierent
lengths, even 1n a case where 1t 1s not clear which fin 615
having natural frequency vibrate violently, the vibrations of
the fins 615 can be reliably reduced. In this example, as
illustrated 1n FIG. 12, the coupling member 163 extends
from the upper edge of the fin 615 positioned at one end to
the fin 615 positioned at the other end, and the coupling
member 163 1s attached to all of the fins 615b.

The width of the coupling member 163 (width in the air
flow direction D) 1s narrower than the width of any of the
fins 615 (length in a direction along the fin 615). It 1s
therefore possible to restrain the coupling member 163
obstructing the diffusion of heat.

As 1illustrated in FIG. 12, the coupling member 163
includes a plurality of (1in this example, three) protrusions
1635 on the upper face thereof. By forming such protrusions
1635, even 1n a case where there are vibrations that the
coupling member 163 cannot resolve, such vibrations are
not easily transmitted via the coupling member 163 to the
other members.

Further, similarly to the first heat sink 61 described above,
the first heat sink 161 1s arranged 1nside the cover 50. The
protrusions 1635 may be pressed against the lower face of
the upper wall 52 of the cover 50 (refer to FIG. 3). In that
structure, the adhesion strength between the coupling mem-
ber 163 and the fins 615 increases, and vibrations can be
reduced more efiectively. Further, due to the presence of the
protrusions 1635, a clearance can be reliably left between
the coupling member 163 and the upper wall 52. As a result,
an air flow can be formed on the upper side of the coupling
member 163, and a rise in the temperature of the coupling
member 163 can be suppressed. Alternatively, the protru-
sions 1635 do not necessarily have to be provided.

FIG. 14 1s a diagram that illustrated still another example
of the first heat sink 61, and 1n the drawing, a first heat sink
261 1s illustrated. Here, points that differ from the first heat
sink 161 will be described, while other points are the same
as the first heat sinks 61 and 161 described above.

The first heat sink 261 1n this example includes a strip-
shaped coupling member 263. The coupling member 263
includes a surface 1n contact with the edges of the plurality
of fins 615, specifically, the upper edges thereof. That 1s, an
adhesive 1s applied to the lower surface of the coupling
member 263. By that structure, the vibrations of the fins 615
are reduced. Further, similarly to the coupling member 163,
the coupling member 263 extends from the fin 615 at one
end to the fin 615 at the other end. The ends of the coupling
member 263 are pasted onto the side faces of the fins 615 at
cach end.

A cushioming material may be provided on the upper face
of the coupling member 263. By that structure, it 1s possible
to reduce the vibrations of the fins 615 more eflectively.

As explained above, 1n the electronic apparatus according
to the above embodiment, the cooling fan 40 1s arranged on
the opposite side of the circuit board 10 across the upper
frame 20 and attached to the upper frame 20. The cover 50
has the shape for covering the air flow paths S1 and S2 and
defines the walls of the air flow paths S1 and S2 together
with the upper frame 20. The heat sinks 61 and 62 are
arranged 1nside the cover 50. With such an electronic
apparatus, the heat transferred from the heat sinks 61 and 62
to the upper frame 20 1s transierred to the outer side of the
cover 50 as well through the upper frame 20. Therefore, 1t
1s possible to eflectively use the upper frame 20 as a member
for heat radiation.

The cooling fan 40 has the rotation axis C perpendicular
to the circuit board 10. The air tlow paths S1 and S2 are
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formed 1n the outer circumierence of the cooling fan 40.
With this structure, it 1s possible to form the large air tlow
paths S1 and S2 that surround the cooling fan 40 compared
with structure in which the cooling fan 40 1s arranged to be
crected on the upper frame 20. As a result, 1t 1s possible to
increase, i the upper frame 20, a region cooled by the air
flow tlowing through the air flow paths S1 and S2.

The cooling fan 40 includes the plurality of fins 43
arranged 1n the circumierential direction around the rotation
axis C of the cooling fan 40 and the fixed portion (in the
above explanation, the fixed hole 42a) attached to the upper
frame 20. The fixed hole 42a 1s located toward the rotation
axis C from the plurality of fins 43. With this structure, 1t 1s
possible to reduce the number of the fixed portions (e.g., in
the above explanation, the fixed hole 44¢ and the attachment
plate portion 44c¢) provided in the outer circumierential
portion of the cooling fan 40 and attached to the upper frame
20. It 1s easy to secure, 1n the upper frame 20, a region with
which the air flow comes into contact.

The fixed hole 42a 1s located on the rotation axis C of the
cooling fan 40. With this structure, 1t 1s possible to improve
stability of attachment of the cooling fan 40 to the upper
frame 20.

The cooling fan 40 1ncludes the fan plate portion 44. The
fan plate portion 44 spreads further outward in the radial
direction than the outer circumierence of the fins 43 of the
cooling fan 40 and 1s located on the outer side of the outer
edge (the portion indicated by B in FIG. 5) of the mounted
plate portion 21 of the upper frame 20. The fan plate portion
44 configures the bottom surfaces of the air flow paths S1
and S2 together with the mounted plate portion 21 of the
upper frame 20. With this structure, even 1n the structure in
which the cooling fan 40 1s arranged 1n the position close to
the edge of the upper frame 20, it 1s possible to form, with
the fan plate portion 44, the upper frame 20, and the cover
50, the air tlow paths S1 and S2 defined by the walls having
the closed sectional shape.

The heat sinks 61 and 62 including the plurality of fins
616 and 62b located 1n the air tlow paths S1 and S2 are
arranged 1nside the cover 50. The upper frame 20 has a shape
that avoids the plurality of fins 6156 and 62b6. With this
structure, the heat receiving blocks 61a and 62a and the fins
615 and 625b of the heat sinks 61 and 62 can be tegrally
formed, and thus the structure of the electronic apparatus can
be simplified.

The holes 23 and 29 are formed in the upper frame 20.
The heat sinks 61 and 62 are located 1nside the holes 23 and
29. With this structure, 1t 1s possible to increase the strength
of the upper frame 20 compared with structure in which
portions of the outer edge of the upper frame 20 are cut out
and the heat sinks 61 and 62 are arranged i1n the cut-out
portions.

The positions of the heat sinks 61 and 62 are defined by
the upper frame 20. The circuit board 10 and the upper frame
20 are fixed to each other. Therefore, 1t 1s possible to
improve the accuracy of the relative positions of the heat
sinks 61 and 62 and the electronic parts (in the above
explanation, the IC chips 11 and 12) on the circuit board 10.

Note that various changes may be made concerning the
clectronic apparatus explained above.

For example, 1n the electronic apparatus explained above,
the two heat sinks 61 and 62 are arranged inside the cover
50. However, only one heat sink may be arranged inside the
cover 50.

The cooling fan 40 1s arranged such that the rotation axis
C thereof 1s perpendicular to the circuit board 10. However,
the present invention may be applied to an electronic appa-
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ratus 1n which the cooling fan 40 1s arranged such that the
rotation axis C 1s parallel to the circuit board 10.

The first air flow path S1 formed by the curved wall
portion 51a and the positioning structure for the first heat
sink 61 are also explained above. However, the present
invention may be applied to an electronic apparatus not
including the positioning structure for the first heat sink 61
and the curved wall portion S1a explained above.

FIGS. 15A and 135B are diagrams illustrating the external
appearance ol an electronic apparatus according to an
embodiment of the present invention. FIG. 15A 1s a per-
spective view and FIG. 15B i1s a bottom view. FIGS. 16 to
19 are diagrams for explaining a modification of an upper
frame included 1n the electronic apparatus. FIG. 16 1s a
perspective view ol devices incorporated in the electronic
apparatus. FIG. 17 1s an exploded perspective view of the
cover 30, the cooling fan 40, and an upper frame 220
illustrated 1n FI1G. 16. FIG. 18 15 a plan view of the devices
illustrated 1n FIG. 16, wherein the inside of the cover 50 1s
illustrated. FIG. 19 1s a sectional view of the electronic
apparatus taken along XIX XIX line illustrated 1n FIG. 18.

In the following explanation, i FIGS. 15A to 19, a
direction indicated by X1 1s the left direction and a direction
indicated by X2 1s the right direction. A direction indicated
by Y1 1s the front direction and a direction indicated by Y2
1s the rear direction.

An electronic apparatus 1 illustrated in FIGS. 15SA and
15B includes a housing 80. The housing 80 1n this example
includes a housing lower portion 81 in a lower part thereof
and includes a housing upper portion 82 1n an upper part
thereol. The electronic apparatus 1 1s an electronic apparatus
functioning as a game apparatus or a reproducing apparatus
for a moving 1image. As 1llustrated 1n FIG. 15A, an 1nsertion
port 82¢ for mserting a recording medium such as an optical
disc 1s formed 1n a front wall 82a of the housing upper
portion 82. Buttons 8 functioning as a power button for the
clectronic apparatus 1 and an eject button for the recording
medium are arranged on the front side of the insertion port
82c.

As 1llustrated 1n FIG. 15B, air intake openings 82d for
leading the external air into the housing 80 are formed 1n the
housing 80. In this example, the housing upper portion 82
has a size larger than the size of the housing lower portion
81. An outer peripheral portion 826 of the housing upper
portion 82 1s located on the outer side of the upper edge of
the housing lower portion 81. The air intake openings 82d
are formed 1n the outer peripheral portion 825 of the housing
upper portion 82. In particular, the air intake openings 82d
are formed in the lower surface of the outer peripheral
portion 825. The air 1s led into the housing 80 through the
air intake openings 824 by the driving of the cooling fan 40.

As 1llustrated 1n FIGS. 18 and 19, the circuit board 10 1s
housed 1n the housing 80. A plurality of electronic parts are
mounted on the circuit board 10. On the circuit board 10 1n
this example, electronic parts 13 and 14 are mounted in
addition to the IC chips 11 and 12 explained above. The
clectronic parts 13 and 14 are parts that emit heat during the
operation thereof such as a transistor and a coil.

As 1llustrated 1n FIGS. 16 and 19, the electronic apparatus
1 includes the plate-like upper frame 220 covering one
surface (1n this example, the upper surface) of the circuit
board 10. The upper frame 220 has a size substantially equal
to the size of the circuit board 10. The circuit board 10 and
the upper frame 220 are fixed by fastening members such as
screws or bolts. Similarly to the upper frame 20, the upper
frame 220 1s a member formed of a metal plate member. As
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illustrated in FIG. 19, the electronic apparatus 1 includes the
plate-like lower frame 30 covering the lower surface of the
circuit board 10.

The electronic apparatus 1 includes the cooling fan 40
arranged on the upper side of the circuit board 10. As in the
example explained above, the cooling fan 40 1n this example
1s arranged on the upper frame 220 1n a posture in which the
rotation axis C thereof 1s perpendicular to the circuit board
10. The cooling fan 40 includes the plurality of fins 43
arranged 1n the circumierential direction spaced apart from
one another. As 1illustrated 1n FIG. 17, the cooling fan 40
includes an upper ring portion 43a that couples upper edges
ol the outer circumierential portions of the fins 43. With this
structure, 1t 1s possible to suppress the air from passing
through a gap between the edge of the opening 524 (see FIG.
16, hereinafter referred to as air intake opening) of the cover
50 and the fins 43. The cooling fan 40 1n this example
includes the lower ring portion 435 that couples lower edges
of the outer circumierential portions of the fins 43. With this
structure, 1t 1s possible to suppress the air from passing
through a gap between the fan plate portion 44 (heremafter
referred to as bottom plate portion) and the fins 43.

As 1llustrated i FIG. 16, the electronic apparatus 1
includes a case 70. The case 70 1n this example houses a
power supply circuit 79 (see FIG. 19). As explained below,
the case 70 functions as a wall member of a third air flow
path S3 through which an air flow formed by the cooling fan
40 flows. The case 70 in this example 1s formed 1n a
substantially rectangular parallelepiped shape elongated 1n
the left-right direction.

As 1llustrated i FIG. 19, the electronic apparatus 1
includes an exhaust opening (a ventilation opening 1n
claims) 71a opened toward the outer side of the housing 80.
An opening 1s formed 1n a rear wall 80a of the housing 80.
The case 70 1s arranged 1n a rear portion of the housing 80.
A rear wall 71 of the case 70 1s fit 1n the opening of the rear
wall 80a of the housing 80. An exhaust opening 7la 1s
formed 1n the rear wall 71 of the case 70. A louver for
shielding the inside of the case 70 from the outside 1s formed
in the exhaust opening 71a. The structure of the exhaust
opening 71a 1s not limited to the structure explained above.
For example, an exhaust opening may be formed in the rear
wall 80a 1itself of the housing 80.

As 1llustrated i FIGS. 18 and 19, an air flow path (flow
paths indicated by S1, S2, and S3 in the figures) through
which the air flow formed by the cooling fan 40 flows 1s
defined 1n the housing 80. The air flow path extends from the
cooling fan 40 to the exhaust opening 71a. In other words,
the air led into the housing 80 through the air intake
openings 82d tlows into the cooling fan 40 and thereafter
flows out to the air flow path indicated by S1, S2, and S3.
The exhaust opening 71a 1s located at a downstream end of
the air flow path. The air passing through the air flow path
1s emitted to the outside from the exhaust opening 71a.

The cover 50, the case 70, and the upper frame 220
function as outer walls of the air flow path. The air flow path
1s separated from the other spaces in the housing 80 by the
upper frame 220, the cover 50, and the case 70. In other
words, the upper frame 220, the cover 50, and the case 70
are formed to prevent the air in the air flow path from
flowing out from the air flow path before reaching the
exhaust opening 71a except flow-out from vent holes 221qa
and 2215 explained below. In the air flow path, the heat sinks
61 and 62 and the power supply circuit 79 are arranged.
Since the air flow path 1s separated from the other spaces 1n
the housing 80, it 1s possible to efliciently cool the heat sinks
61 and 62 and the power supply circuit 79.
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As explained above, the air tlow path includes the first air
flow path S1 and the second air tlow path S2 that continue
to the first air flow path S1. The air flow paths S1 and S2 are
formed on the upper frame 220. The air 1n the air tlow paths
S1 and S2 flows 1n a direction extending along the upper
frame 220. The cover 50 has a shape for covering the cooling

fan 40 and the air flow paths S1 and S2. The cover 50
separates the air flow paths S1 and S2 from the other spaces
in the housing 80 together with the upper frame 220. The
circuit board 10 1s located on the outer side of a wall member
that defines the air tlow paths S1 and S2. In this example, the
circuit board 10 1s located on the lower side of the upper
frame 220 and arranged along the upper frame 220.

As explained above, the upper frame 220 includes the
mounted plate portion 21 on which the cooling fan 40 and

the cover 50 are arranged (see FIG. 17). As illustrated in
FIGS. 18 and 19, the air flow paths S1 and S2 are defined by

the mounted plate portion 21 and the cover 50. The mounted
plate portion 21 1s located higher than the other portions of
the upper frame 220. The mounted plate portion 21 has a
clearance between the mounted plate portion 21 and the
circuit board 10. The electronic parts 13 and 14 and the IC
chips 11 and 12 are covered by the mounted plate portion 21.
The cover 50 includes the upper wall portion 52 opposed
to the mounted plate portion 21. In the upper wall portion 52,
the air intake opening 52a located above the cooling fan 40
1s formed. The air intake opening 52a has an inner diameter
corresponding to the diameter of the cooling fan 40.

As 1llustrated 1n FIGS. 17 and 18, the cover 50 includes
the side wall portion 51 descending from the outer edge of
the upper wall portion 52 toward the mounted plate portion
21. The lower edge of the side wall portion 51 is located on
the mounted plate portion 21. The side wall portion 51 1n this
example 1ncludes the curved wall portion 51a curved along
the outer circumierence of the cooling fan 40. The first air
flow path S1 1s formed between the curved wall portion 51a
and the cooling fan 40 and 1s formed along the outer
circumierence of the cooling fan 40. As illustrated 1n FIG.
18, the curved wall portion 51a 1s curved such that a flow
path cross-sectional area of the first air flow path S1 gradu-
ally increases toward downstream. In other words, a distance
from the rotation axis C of the cooling fan 40 to the curved
wall portion 51a gradually increases 1n the circumierential
direction of the cooling fan 40. Therefore, a distance from
the rotation axis C to the terminal portion 5315, which 1s one
end of the curved wall portion 51a, 1s larger than a distance
to the start portion 314, which is the other end of the curved
wall portion 51a.

As explained above, the lower edge of the curved wall
portion 31a 1s partially located on the outer side of the outer
edge of the mounted plate portion 21. A gap between the
lower edge of the curved wall portion S1a and the mounted
plate portion 21 1s closed by a member different from the
upper frame 220. In this example, as illustrated 1n FIGS. 17
and 18, the bottom plate portion 44 includes the spreading
portion 44a. A gap between the lower edge of the left portion
of the curved wall portion 51a and the mounted plate portion
21 1s closed by the spreading portion 44a. As 1llustrated 1n
FIGS. 18 and 19, a bottom plate portion 51; spreading
toward the inside of the curved wall portion 51a 1s formed
at the lower edge of the curved wall portion 31a. A gap
between the lower edge of the front side portion of the
curved wall portion 51a and the mounted plate portion 21 1s
closed by the bottom plate portion 51;. Therefore, the bottom
surface of the first air flow path S1 1s closed by the mounted
plate portion 21 and the bottom plate portions 44 and 51;.
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As 1llustrated 1n FI1G. 18, the side wall portion 51 includes
the first side wall portion 51¢ extending from the terminal
portion 515. The side wall portion 51 1ncludes a second side
wall portion 51e opposed to the first side wall portion 5lc.
The second air flow path S2 1s formed between the first side
wall portion 51¢ and the second side wall portion 51e. The
first side wall portion 51¢ extends from the terminal portion
516 1n a tlowing direction of the air (heremaiter, air flow
direction D) 1n the second air flow path S2. The air tlow
direction D 1s a direction of the flow of the air 1n the second
air flow path S2 1n a broad view. In this example, the air tlow
direction D 1s a direction (1n this example, the rear direction)
from the downstream end of the first air flow path S1 toward
the case 70. A downstream portion of the first side wall
portion 51c¢ inclines 1n a direction orthogonal to the air flow
direction D such that a flow path cross-sectional area of the
second air flow path S2 gradually increases toward down-
stream. As illustrated in FIG. 18, the second side wall
portion Sle 1s located on the opposite side of the first side
wall portion 51c¢ across a straight line .2 extending along the
air flow direction D through the rotation axis C of the
cooling fan 40. Therefore, the flow path cross-sectional area
of the second air flow path S2 is larger than a flow path
cross-sectional area at the downstream end of the first air
flow path S1. The second side wall portion 31le in this
example 1s connected to the start portion 314 of the curved
wall portion 51a.

As 1llustrated 1n FIG. 17, the upper frame 220 includes the
steps 21a that surround the mounted plate portion 21. The
steps 21a are located on the outer side of the lower edge of
the side wall portion 51 of the cover 50. The plurality of
through holes 215 are formed 1n the steps 21a. The plurality
of through holes (air intake holes) 21e located on the lower
side of the cooling fan 40 are formed 1n the mounted plate
portion 21. All the plurality of through holes 21e are located
on the inner side of the outer circumierential portion of the
cooling fan 40.

The air flows 1n the housing 80 as explained below. The
air led 1nto the housing 80 through the air intake openings
82d (see FIG. 15B) flows 1nto the cooling fan 40 from both
the upper side and the lower side of the cooling fan 40. In
other words, a part of the air flows nto the cooling fan 40
through the intake opening 52a formed in the upper wall
portion 52 of the cover 30 (see FIG. 17). Another part of the
led-in air flows to between the circuit board 10 and the
mounted plate portion 21 through the through holes 215
formed in the steps 21a. The air tlows into the cooling fan
40 through the through holes 21e on the lower side of the
cooling fan 40 (see FIGS. 17 and 19). The air which tlows
into the cooling fan 40 1s blown out 1n the radial direction of
the cooling fan 40. The air flowing out from the cooling fan
40 toward the curved wall portion 31a, 1.¢., an air tlowing
toward the front side reaches the second air tlow path S2
through the first air tlow path S1 (see FIG. 18). The other air
flowing out from the cooling fan 40, 1.e., the air flowing out
from the cooling fan 40 to the rear side directly flows to the
second air flow path S2. Since the air 1s forcibly discharged
by the driving of the cooling fan 40, the air pressure 1n the
air flow paths S1 and S2 1s high compared with the air
pressure 1n the other spaces in the housing 80. Therefore, 1t
1s possible to smoothly send the air to the circuit board 10
side through the vent holes 221a and 2215 explained below.
Since the flow path cross-sectional area of the first air flow
path S1 1s smaller than the tlow path cross-sectional area of
the second air flow path S2, the air pressure in the first air
flow path S1 1s particularly high. The third air flow path S3
defined by the case 70 continues to the second air tlow path
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S2. The air reaching the third air tlow path S3 from the
second air flow path S2 1s discharged to the outside of the
housing 80 from the exhaust opeming 71a of the case 70
described above.

As 1llustrated 1n FIG. 18, the plurality of (in this example,
two) heat sinks 61 and 62 are arranged 1n the second air flow
path S2. The second heat sink 62 1s located downstream of
the first heat sink 61. That 1s, the second heat sink 62 1s
located 1n the air tflow direction D from the first heat sink 61.
The heat sinks 61 and 62 respectively include pluralities of
fins 615 and 626 erected on the heat receiving blocks 61a
and 626 and arranged spaced apart from one another. The
fins 616 and 62b are located 1n the second air flow path S2
and cooled by the air flowing through the second air tlow
path S2. The fins 615 and 625 are arranged 1n parallel to the
air flow direction D. A portion (in this example, the right
portion) of the first heat sink 61 i1s located 1n the air flow
direction D from the downstream end of the first air flow

path S1. The other portion (1n this example, the left portion)
of the first heat sink 61 1s located 1n the air flow direction D
from the cooling fan 40. The plurality of fins 615 1n the other
portion 1s arranged along the outer circumierence of the
cooling fan 40.

In the mounted plate portion 21, as 1llustrated in FIG. 17,
the openings 23 and 29 having sizes corresponding to the
heat sinks 61 and 62 are formed. The heat sinks 61 and 62
are 11t 1n the openings 23 and 29 to close the openings 23 and
29. The openings 23 and 29 1n this example have shapes
corresponding to the heat recerving blocks 61a and 62a. The
openings 23 and 29 are closed by the heat receiving blocks
61la and 61a. Theretfore, the outflow of the air from the
openings 23 and 29 1s suppressed.

The circuit board 10 1s located on the outer side of the air
flow path defined by the upper frame 220, the cover 50, and
the case 70. In this example, as explained above, the circuit
board 10 1s located on the lower side of the upper frame 220
and arranged along the upper frame 220. As illustrated 1n
FIGS. 18 and 19, the vent holes 221a and 2215 opened
toward the electronic parts 13 and 14 on the circuit board 10
are formed in the mounted plate portion 21 provided in the
upper frame 220. A part of the air flowing through the air
flow path tlows out toward the circuit board 10 through the
vent holes 221a and 2215. The electronic parts 13 and 14 can
be cooled by the air. An air tlow to the through holes 21e
formed on the lower side of the cooling fan 40 1s formed
between the mounted plate portion 21 and the circuit board
10. The air flowing out to the circuit board 10 side through
the vent holes 221a and 2215 returns to the cooling fan 40
through the through holes 21e after cooling the electronic
parts 13 and 14.

In this example, a plurality of (specifically, two) vent
holes 221a and 2215 are formed 1n the mounted plate portion
21. The vent holes 221a and 2215 are located 1n the second
air flow path S2. The positions of the two vent holes 221qa
and 2215 deviate from each other in the direction orthogonal
to the air flow direction D in the second air flow path S2 as
illustrated 1n FIG. 18. Specifically, one vent hole 2215 1s
located away from a straight line 1n the air flow direction D
passing through the other vent hole 221a. With this layout of
the two vent holes 221a and 2215, the air flowing out from
the vent hole on the upstream (1n this example, the vent hole
221a) 1s less likely to aflect an amount of the air supplied to
the electronic part 14 through the vent hole on the down-
stream (in this example, the vent hole 2215). It 1s possible to
suppress a decrease in the amount of the air supplied to the
clectronic part 14.
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As illustrated 1n FIGS. 18 and 19, the vent holes 2214 and
2215 overlap the electronic parts 13 and 14 1n a direction 1n
which the mounted plate portion 21 and the circuit board 10
face each other (in this example, the vertical direction).
Specifically, the position of the vent hole 221q 1s defined
such that a vertical line passing any portion of the electronic
part 13 (a straight line perpendicular to the circuit board 10)
passes the mner side of the vent hole 221q. Similarly, the
position of the vent hole 2215 1s defined such that a vertical
line passing any portion of the electronic part 14 passes the
inner side of the vent hole 2215. With this layout, 1t 1s
possible to ethiciently send the air respectively to the elec-
tronic parts 13 and 14 through the vent holes 2214 and 2215.
In this example, the vent holes 221a and 2215 are respec-
tively located right above the electronic parts 13 and 14. In
other words, the centers of the vent holes 221a and 2215 are
located on vertical lines passing the centers of the electronic
parts 13 and 14. As explained above, the upper frame 220
and the circuit board 10 are fixed to each other by screws or
the like. Therefore, positional deviation between the elec-
tronic parts 13 and 14 and the vent holes 221a and 2215 1s
suppressed.

The temperature of the air rises when the air passes
through the heat sinks 61 and 62. Therefore, as illustrated in
FIG. 18, the vent holes 221a and 2215 in this example are
formed 1n positions avoiding regions on the downstream of
the heat sinks 61 and 62 in the air flow path. Consequently,
it 1s possible to sent the air having low temperature to the
clectronic parts 13 and 14.

In this example, the positions of the vent holes 221a and
22156 deviate from the positions of the heat sinks 61 and 62
in the direction orthogonal to the air flow direction D. With
this arrangement of the vent holes 221a and 2215, 1t 1s
possible to suppress a decrease 1 an amount of the air
passing through the heat sinks 61 and 62 compared with, for
example, structure 1n which the vent holes 221a and 2215
are located 1n the first air tlow path S1. The vent holes 221a
and 22156 are located 1n the air flow direction D from the
cooling fan 40. In this example, the vent holes 221aq and
2215 are located on the rear side of the cooling fan 40.
Therefore, the air directly tlowing from the cooling fan 40
to the second air flow path S2 1s sent to the electronic parts
13 and 14 through the vent holes 221a and 2215.

As explained above, the second air flow path S2 has a flow
path cross-sectional area larger than the flow path cross-
sectional area of the first air flow path S1. The second air
flow path S2 1n this example has a flow path cross-sectional
area larger than the flow path cross-sectional area at the
downstream end of the first air flow path S1 having the
largest flow path cross-sectional area in the first air flow path
S1. The heat sinks 61 and 62 and the vent holes 221a and
2215 are located 1n the second air tlow path S2 having such
a large tlow path cross-sectional area. Therefore, it 1s easy to
lay out the heat sinks 61 and 62 and the vent holes 2214 and
221b.

As 1llustrated 1n FI1G. 18, the first heat sink 61 1s arranged
away from the second side wall portion 51e and close to the
first side wall portion 51c¢. In this example, the first heat sink
61 1s arranged along the first side wall portion S1c. The

space S2a 1s formed between the second side wall portion
51e and the fins 615 of the first heat sink 61. The vent holes

221a and 221b6 are located in the space S2a. With such
arrangement of the heat sink 61 and the vent holes 221a and
221b, 1t 1s possible to send a suilicient amount of the air to
the electronic parts 13 and 14 through the vent holes 2214
and 2215 while sending the air having high speed, which
flows out from the first air flow paths S1, to the heat sink 61.
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The distance between the second side wall portion Sle and
the fins 615 of the heat sink 61, 1.e., the width of the space
S2a 15 larger than the gap between the first side wall portion
51c and the fins 6156 of the heat sink 61.

As 1llustrated 1n FIG. 18, since the fins 625 of the heat sink
62 are also located away from the second side wall portion
51e, the space S2a continues to the downstream end of the
cover 50, 1n other words, the downstream end of the second
air flow path S2. Therefore, a smoother air flow can be
formed 1n the space S2a. In this example, the second side
wall portion 51e 1s located on one side (1n this example, the
left side) from the straight line L2 passing the rotation axis
C. On the other hand, the heat sinks 61 and 62 are offset to
the other side (in this example, the right side) from the
straight line L2. With this layout, 1t 1s easy to secure the
width of the space S2a.

The cooling fan 40 in this example rotates in the left
direction when driven. Theretore, as illustrated in FIG. 18,
an air flow F orniented obliquely rearward and leftward 1s
formed 1n a position right behind the cooling fan 40, 1.e., 1n
a position in the air flow direction D from the cooling fan 40.
The second side wall portion 35le 1s formed to extend
obliquely rearward and leftward. Therefore, the air flow F
smoothly flows in the space S2a along the second side wall
portion 51e even after hitting the second side wall portion
51e. The vent holes 221a and 2215 are located 1n the space
S2a. Thus, a smooth air flow flowing to the electronic parts
13 and 14 1s easily formed.

The air flow path 1n the housing 80 further includes the
third air tlow path S3 following the second air tflow path S2.
The third air flow path S3 1s a flow path defined by the case
70 connected to the cover 50. As illustrated in FIGS. 18 and
19, the case 70 1 thus example includes a front wall 72
located toward the cover 50. A plurality of vent holes 72a
opened toward the second air flow path S2 are formed 1n the
front wall 72. As explained above, the exhaust opening 71a
1s formed 1n the rear wall 71 of the case 70. The case 70
communicates with the outside through the vent holes 72a
and the exhaust opening 71a. Thus, communication with the
outside through portions other than the vent holes 72a and
the exhaust opening 71a 1s restricted. The case 70 has a box
shape and has a bottom wall 73, an upper wall 74, and a side
wall 75 besides the front wall 72 and the rear wall 71.

The case 70 1s connected to the cover 50 to prevent the air
from leaking from between the cover 50 and the case 70. In
this example, a flange 76 projecting toward the cover 50 1s
formed on the front wall 72. The flange 76 1s formed along
the downstream end of the cover 50. Specifically, the flange
76 includes a first side portion 76a formed along the
downstream end of the first side wall portion 51¢, a second
side portion 766 formed along the downstream end of the
second side wall portion 31e, and an eaves portion 76c¢ that
covers the downstream end of the upper wall portion 52. A
seal member (not shown 1n the figure) 1s arranged between
the eaves portion 76¢ and the upper wall portion 52. The
lower edge of the front wall 72 1s located on the mounted
plate portion 21. A seal member 39 1s arranged between the
lower edge of the front wall 72 and the mounted plate
portion 21 as well. The vent holes 72a are formed on the
iner side of the flange 76. In this example, the air in the
second air tlow path S2 1s suppressed from flowing out to
portions other than the third air flow path S3 by such
connection structure of the cover 50 and the case 70.

As explained above, the heat sinks 61 and 62 are arranged
in the air flow path formed in the housing 80. The electronic
parts 13 and 14 are arranged on the circuit board 10 located
on the outside of the air flow path. The vent holes 221a and
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22156 opened toward the electronic parts 13 and 14 are
formed 1n the upper frame 220 functioning as the wall
member of the air flow path. With such an electronic
apparatus 1, 1t 1s possible to not only cool the heat sinks 61
and 62 but also cool the electronic parts 13 and 14 with
simple structure.

The upper frame 220 1ncludes the mounted plate portion
21 facing the circuit board 10. The vent holes 221a and 2215
respectively overlap the electronic parts 13 and 14 1n the
direction 1 which the mounted plate portion 21 and the
circuit board 10 face each other. With this structure, 1t 1s
possible to efliciently send the air respectively to the elec-
tronic parts 13 and 14 through the vent holes 221a and 2215.

In particular, 1n the electronic apparatus 1, the vent holes
221a and 2215 are located right above the electronic parts 13
and 14. Consequently, 1t 1s possible to more efhiciently send
the air to the electronic parts 13 and 14.

The upper frame 220 and the circuit board 10 are fixed to
cach other. With this structure, it 1s possible to suppress
positional deviation between the vent holes 221a and 2215
and the electronic parts 13 and 14.

The vent holes 221a and 2215 are formed in positions
avoiding regions on the downstream side of the heat sinks 61
and 62 1n the air tlow path. With such a layout, it 1s possible
to supply the air having low temperature to the electronic
parts 13 and 14.

The positions of the vent holes 221a and 2215 dewviate
from the heat sinks 61 and 62 1n a direction orthogonal to the
air flow direction 1n the air flow path. With this arrangement,
it 1s possible to suppress an amount of the air flowing
through the heat sinks 61 and 62 from decreasing.

The cooling fan 40 1s arranged such that the rotation axis
C thereof 1s perpendicular to the circuit board 10. The air
flow path includes the first air flow path S1 formed 1n the
outer circumierence of the cooling fan 40 and the second air
flow path S2 following the first air flow path S1 and having
a flow path cross-sectional area larger than the flow path
cross-sectional area of the first air flow path S1. The heat
sinks 61 and 62 and the vent holes 221a and 2215 are located
in the second air flow path S2. With this structure, the heat

sinks 61 and 62 and the vent holes 221a and 22154 are

arranged 1n the second air flow path S2 having a large tlow
path cross-sectional area. Therefore, 1t 1s easy to lay out the
heat sinks 61 and 62 and the vent holes 221a and 2215.

The positions of the vent holes 221a and 2215 deviate
from the heat sinks 61 and 62 1n the direction orthogonal to
the air tlow direction D 1n the second air flow path S2. With
this arrangement, 1t 1s possible to suppress an amount of the
air flowing through the heat sinks 61 and 62 from decreas-
ing.

Pluralities of vent holes 221a and 2215 are formed 1n the
upper frame 220. With this structure, 1t 1s possible to
increase cooling performance for the electronic parts 13 and
14.

The positions of the vent holes 221a and 2215 deviate
from each other in the direction orthogonal to the air flow
direction D in the second air tlow path S2. With this layout,
the air flowing out from the vent hole on the upstream (in
this example, the vent hole 221a) 1s less likely to aflect an
amount of the air supplied to the electronic part 14 through
the vent hole on the downstream (1n this example, the vent
hole 221b). It 1s possible to suppress a decrease 1n the
amount of the air supplied to the electronic part 14.

In the example explained above, the heat sinks 61 and 62
are arranged in the air flow path. However, devices different
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from the heat sinks may be arranged in the air flow path as
devices for cooling the electric parts with the air flowing
through the air flow path.

The electronic apparatus 1 includes the upper frame 220,
the cover 50, and the case 70 as the wall members that define
the air flow path. However, the wall members are not limited
to the upper frame 220, the cover 50, and the case 70. For
example, the case 70 does not always have to be provided 1n
the electronic apparatus. In this case, the downstream end of
the cover 50 1s connected to the exhaust opening 71a opened
toward the outer side of the housing 80.

The air tlow path indicated by S1, S2, and S3 functions as
the exhaust flow path which 1s on the downstream from the
cooling fan 40. However, an air intake flow path separated
from the other spaces 1n the housing by wall members may
be provided as a tlow path on the upstream of the cooling
fan.

The electronic apparatus 1 includes the two vent holes
221a and 2215 as the vent holes for sending the air to the two
clectronic parts 13 and 14. However, the electronic appara-
tus 1 may include one vent hole for sending the air to the two
clectronic parts 13 and 14. In this case, the one vent hole
may be formed in a position in the middle between the
clectronic parts 13 and 14.

Flanges extending toward the electronic parts 13 and 14
may be formed at the edges of the vent holes 2214 and 2215.
With this structure, the air flow from the vent holes 2214 and
2215 to the electronic parts 13 and 14 can be guided by the
flanges.

FIG. 20 1s a perspective view of a modification of the
devices included the electronic apparatus according to an
embodiment of the present invention. In FIG. 20, a cooling
unit 310 arranged on an upper frame 302 1s illustrated. FIG.
21 1s an exploded perspective view of the devices and parts
illustrated 1n FIG. 20. FIG. 22 1s a perspective view of a
cooling fan 320 included in the cooling unit 310. In the
figure, the bottom surface of the cooling fan 320 1s 1llus-
trated. FIG. 23 1s a plan view illustrating a positional relation
between a base plate 323 included 1n the cooling fan 320 and
the upper frame 302. FIG. 24 1s a sectional view of the
cooling unit 310 taken along a XXIV-XXIV line illustrated
in FIG. 23. In the following explanation, X1 and X2
illustrated 1n the figures are respectively set as the left
direction and the right direction, Y1 and Y2 illustrated in the
figures are respectively set as the front direction and the rear
direction, and Z1 and 72 illustrated in the figures are
respectively set as the upward direction and the downward
direction. A structure illustrated i FIGS. 20 to 24 1s sub-
stantially the same as the structure explained above. One of
characteristics of the structure illustrated 1n the figures is the
base plate 323 provided in the bottom portion of the cooling
fan 320.

As 1llustrated i FIG. 21, the electronic apparatus 1n this
example includes the cooling unit 310, the upper frame 302,
a circuit board 303, and a lower frame 304. The cooling unit
310, the upper frame 302, the circuit board 303, and the
lower frame 304 are combined and housed 1n a housing (e.g.,
the housing 80 explained above) as illustrated 1n FIG. 20.
The electronic apparatus 1n this example 1s an entertainment
apparatus that executes a computer program stored 1n an
optical disk (not shown in the figure) or a hard disc drive H
(see FIG. 20) set 1n the electronic apparatus and reproduces
moving 1image data stored in the optical disc or the hard disc
drive H.

An integrated circuit 1s mounted on one surface of the
circuit board 303. In this example, as 1llustrated in FIG. 21,
a plurality of integrated circuits 331a, 3315, and 332 are
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mounted on the upper surtace of the circuit board 303. The
integrated circuit 332 1s, for example, a CPU (Central
Processing Unit) that controls the entire electronic appara-
tus. The integrated circuit 331a 1s, for example, a GPU
(Graphics Processing Unit). The integrated circuit 3315 1s,
for example, a RAM (Random Access Memory) connected
to the integrated circuit 331a. The electronic apparatus in
this example 1includes a plurality of integrated circuits 3315.
The integrated circuits 3315 are arranged to surround the
integrated circuit 331q and each connected to the integrated
circuit 331a. In this example, connectors 334a to 334e are
attached to the upper surface of the circuit board 303.

The upper frame 302 covers the upper surface of the
circuit board 303. The upper frame 302 1n this example has
a s1ze corresponding to the circuit board 303 and covers the
entire upper surtace of the circuit board 303. The size of the
upper frame 302 1s not always limited to this size and may
be, for example, larger than the size of the circuit board 303.
The lower frame 304 covers the lower surface of the circuit
board 303. The lower frame 304 also has a size correspond-
ing to the circuit board 303 and covers the entire lower
surface of the circuit board 303. The frames 302 and 304 are
plates made of metal.

The frames 302 and 304 are attached to the circuit board
3. In thus example, as illustrated 1n FIG. 21, the upper frame
302, the lower frame 304, and the circuit board 303 respec-
tively include fixed holes 302a, 3044a, and 3034a 1n positions
corresponding thereto. The frames 302 and 304 and the
circuit board 303 are fixed to the housing of the electronic
apparatus by screws fit 1in the fixed holes 302a, 3044, and
303a. Consequently, the frames 302 and 304 are respectively
attached to the upper surface and the lower surface of the
circuit board 303. The fixed holes 302a, 304a, and 303a are
formed 1n an outer peripheral portion 3026 of the upper
frame 302, an outer peripheral portion 3045 of the lower
frame 304, and the outer peripheral portion of the circuit
board 303.

Like the electronic apparatus explained with reference to
FIGS. 1 to 19, various devices and parts incorporated in the
clectronic apparatus such as the cooling unit 310 and a
power supply unit (not shown in the figures) are arranged on
the upper side of the upper frame 302. The devices and the
parts are attached to the upper frame 302. As illustrated in
FIG. 20, the electronic apparatus in this example includes
the hard disc drive H. The hard disc drive H 1s arranged on
the upper frame 302 and fixed to the upper frame 302. A
connector 333 1s mounted on the circuit board 303. The hard
disc drive H 1s connected to the circuit board 303 through the
connector 333. The cooling unit 310 includes the cooling fan
320 (see FIG. 21). As explained 1n detail below, the cooling
fan 320 includes structure for suppressing vibration due to
rotation driving of the cooling fan 320 from being transmit-
ted to the hard disc drive H through the upper frame 302.

As 1llustrated 1n FIG. 24, the outer peripheral portion
3026 of the upper frame 302 1s 1n contact with the outer
peripheral portion of the circuit board 303. A portion of the
upper frame 3026 on the mner side of the outer peripheral
portion 302 1s located away from the upper surface of the
circuit board 303. A gap G 1s formed between the portion and
the upper surface. As illustrated 1n FIG. 20, a plurality of
vent holes 302¢ are formed 1n the upper frame 302. The vent
holes 302¢ are formed 1n a portion on the mner side of the
outer peripheral portion 3026 and located on the outer side
of a cover 319 of the cooling unit 310 explained below.
When the cooling fan 320 1s drniven to rotate, the air is
sucked mnto between the circuit board 303 and the upper
frame 302 through the vent holes 302¢. The air 1s taken into
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the mner side of the cover 319 from vent holes 302¢ and
3024 (see FIG. 24) formed in the upper frame 302 and
located below the cooling fan 320, and 1s sent to heat sinks
311 and 312.

As 1llustrated 1n FIG. 21, the cooling fan 320 is arranged
such that a rotation axis C1 thereof extends along the
thickness direction of the circuit board 303. In other words,
the rotation axis C1 1s perpendlcular to the circuit board 303.
The cooling fan 320 1s located on the opposite side of the
circuit board 303 across the upper frame 302 and arranged
on the upper frame 302. The cooling fan 320 1n this example
1s arranged on the upper side of the upper frame 302.

As 1llustrated 1n FIGS. 22 and 24, the cooling fan 320
includes a rotor 321 and a plurality of fins 324 extending
from the outer circumierential surface of the rotor 321 1n the
radial direction. The cooling fan 320 includes a stator 322.
The rotor 321 rotates around the stator 322. The rotor 321 1n
this example has a cylindrical shape opened downward. The
stator 322 1s fit 1n the 1nner side of the rotor 321 from the
lower side of the rotor 321.

As 1illustrated 1 FIGS. 22 and 24, the cooling fan 320
includes, in the bottom portion thereof, the base plate 323
supporting the stator 322. The stator 322 in this example
includes a projection 3224 in the center portion thereof. The
projection 322a 1s attached to the base plate 323 (see FIG.
24). The base plate 323 1n this example includes a disc-like
center plate portion 3234 1n the center portion thereof. The
center plate portion 323a 1s located below the rotor 321 and
the stator 322. The outer diameter of the center plate portion
323a generally corresponds to the outer diameter of the rotor
321 and the stator 322. The projection 322a of the stator 322
1s attached to the center plate portion 323a.

The base plate 323 includes a substantially ring-shaped
outer plate portion 3235 that surrounds the outer circumfier-
ence of the center plate portion 323a. The outer plate portion
3235 1s a portion corresponding to the fan plate portion 44
of the cooling fan 40 explained above. The mner diameter of
the outer plate portion 3235 1s larger than the outer diameter
of the center plate portion 323a. Openings 323¢ are formed
between the iner circumierential edge of the outer plate
portion 3235 and the outer circumierential edge of the center
plate portion 323a (see FIG. 22). The openings 323¢ are
located below the fins 324 and function as vents. When the
rotor 321 rotates, the air 1s sucked through the opemings 323¢
and sent outward in the radial direction of the cooling fan
320. The mmner diameter of the outer plate portion 3235 1n
this example 1s slightly smaller than the outer diameter of the
cooling fan 320 (the diameter of a circle that connects the
ends of the plurality of fins 324). Therefore, the inner
circumierential edge of the outer plate portion 3235 are
located closer to the rotation axis C1 of the cooling fan 320
than the end edge of the fins 324 1is.

The base plate 323 includes an arm portion 3234 extend-
ing between the outer circumierential edge of the center
plate portion 323a and the inner circumierential edge of the
outer plate portion 3235. The base plate 323 1n this example
includes a plurality of (in this example, four) arm portions
3234, which are arranged spaced apart from one another 1n
the circumierential direction. The arm portions 3234 extend
from the outer circumierential edge of the center plate
portion 323¢q 1n the radial direction of the cooling fan 320.

In one of the base plate 323 and the upper frame 302, a
projection 1s formed that projects toward the other of the
base plate 323 and the upper frame 302 and secures a
clearance between the base plate 323 and the upper frame
302. In this example, as illustrated 1n FIGS. 22 and 24, a

cylindrical fixed projection 323e 1s formed in the center
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plate portion 323a of the base plate 323. The fixed projection
323e projects from the center plate portion 323a toward the
upper frame 302. The fixed projection 323e 1n this example
1s attached to the upper frame 302. In this example, the fixed
projection 323¢ 1s attached to the upper frame 302 by a
screw 341 {it 1n from the lower side of the upper frame 302.
A clearance 1s secured between the center plate portion 3234
and the upper frame 302 by the fixed projection 323e. As a
result, 1t 1s possible to suppress vibration of the cooling fan
320 from being transmitted to the upper frame 302. As
illustrated in FI1G. 22, the fixed projection 323¢ 1s located on
the rotation axis C1 of the rotor 321. Consequently, 1t 1s
possible to stably fix the cooling fan 320 to the upper frame
302 using the fixed projection 323e.

As 1llustrated 1n FIGS. 23 and 24, the upper frame 302
includes a plurality of vent holes 302¢ and 3024 1n a position
corresponding to the cooling fan 320. In other words, the
plurality of vent holes 302¢ and 3024 are located below the
cooling fan 320. As explained above, the gap G 1s provided
between the upper frame 302 and the circuit board 303.
When the cooling fan 320 1s drniven to rotate, the air is
sucked into the gap G (see FIG. 24) between the upper frame
302 and the circuit board 303 from the through holes 302¢
(see FIG. 20) formed in the upper frame 302. The air 1s
sucked 1n toward the cooling fan 320 through the through
holes 302¢ and 3024 and blown out 1in the radial direction by
the cooling fan 320. In other words, an air flow F1 1llustrated
in FIG. 24 1s formed.

As explained above, the clearance 1s formed between the
center plate 323aq and the upper frame 302 by the fixed
projection 323e. As illustrated in FIG. 23, a part of the
plurality of vent holes 302¢ and 3024 are located below the
center plate 323a. Therefore, an air flow F2 passing through
the clearance between the center plate portion 323a and the
upper frame 302 can be formed by the air sucked from the
part of the vent holes 302¢ and 302d (see FIG. 24). Conse-
quently, it 1s possible to improve air intake efliciency by the
cooling fan 320.

As 1llustrated 1 FIG. 24, the outer plate portion 3235 1s
in contact with the upper frame 302. As 1illustrated in FIG.
22, a plurality of recesses 323/ are formed 1n the outer plate
portion 323bH. Consequently, a contact area between the
outer plate portion 3235 and the upper frame 302 decreases.
It 1s possible to suppress the vibration of the cooling fan 320
from being transmitted to the upper frame 32. In this
example, the plurality of recesses 3235 are formed spaced
apart ifrom one another in the circumierential direction of the
cooling fan 320 and formed to surround the rotation axis C1
as a whole. The recesses 323/ have width W1 1n the
circumierential direction larger than the width in the radial
direction of the cooling fan 320 (see FIG. 22). A contact
portion between the outer plate portion 3235 and the upper
frame 302 1s provided without being cut in the circumfier-
ential direction of the cooling fan 320. In other words, the
recesses 323/ are formed such that the contact portion
between the outer plate portion 3235 and the upper frame
302 1s continuously provided over the entire circumierence
of the cooling fan 320. The outer plate portion 3235 1n this
example includes an extending portion 323z that extends
turther outward than a portion on the inner side of the outer
circumierential portion 3025 1n the upper frame 302 (i.e., a
portion located away from the surface of the circuit board
303) (see FIG. 23). In the extending portion 3237, as
illustrated 1n FIG. 22, two recesses 323/ arranged in the
radial direction are formed.

As explained above, the inner diameter of the outer plate
portion 3235 1s slightly smaller than the outer diameter of
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the cooling fan 320 (the diameter of the circle that connects
the ends of the fins 324). Therefore, as illustrated 1n FIG. 24,

the 1nner circumierential edge of the outer plate portion
323bH 1s located Shghtly closer to the rotation axis C1 than the
ends of the fins 324 1s. The outer plate portion 3235 1s 1n
contact with the upper frame 302. Therefore, the air flow F1
passing through the through holes 302¢ and 3024 formed in
the upper frame 302 can be smoothed. Specifically, the air
sucked 1n toward the cooling fan 320 from the through holes
302¢ and 302d 1s blown out 1n the radial direction from the
cooling fan 320 without leaking between the upper frame
302 and the outer plate portion 3235. As illustrated 1n FIG.
22, the edges of the recesses 323/ formed 1n the outer plate
portion 3235 are apart from the imnner circumierential edge of
the outer plate portion 3236 (see FIG. 22). The inner
circumierential edge of the outer plate portion 3235 1s 1n
contact with the upper frame 302. Therefore, it 1s possible to
suppress the air from entering between the upper frame 302
and the outer plate portion 3235. It 1s possible to further
smooth the air flow F1.

As 1llustrated 1n FIG. 23, the vent holes 3024 larger than
the vent holes 302¢ are formed 1n the upper frame 302. A
part of the vent holes 3024 are located below the outer plate
portion 323b. The other part of the vent holes 3024 are
located below the openings 323¢ between the outer plate
portion 3235 and the center plate portion 323a. As 1llustrated
in FIG. 22, a recess 323¢ 1s formed 1n the outer plate portion
3235. The recess 323¢ 1s formed 1n a position corresponding
to the vent hole 3024 of the upper frame 302. Unlike the
recesses 323/, the recess 323¢ 1s connected to the inner
circumierential edge of the outer plate portion 3235. There-
fore, 1t 1s possible to form an air flow flowing from the vent
holes 302d to the cooling fan 320 through the recess 323¢g.
It 1s possible to further improve the air intake efliciency of
the cooling umt 310.

As 1llustrated 1n FIGS. 22 and 24, portions 323/ of the
arm portions 3234 closer to the outer plate portion 3235 are
formed thick compared with portions 323/ of the arm
portions 323d closer to the center plate portion 323a. The
portions 323/ are 1n contact with the upper frame 2. In other
words, the thickness of the arm portions 3234 1s gradually
increased in the radial direction from the center plate portion
3234 to the outer plate portion 3235, whereby the clearance
formed by the fixed projection 323e 1s eliminated. Recesses
323; arc formed 1n the portions 323/ that are 1n contact with
the upper frame 302. Consequently, 1t 1s possible to further
reduce the contact area between the base plate 323 and the
upper frame 302. As a result, 1t 1s possible to suppress the
vibration of the cooling fan 320 from being transmitted to
the upper frame 302.

As 1llustrated 1n FIGS. 22 and 24, protrusions 3234 are
formed 1n the outer plate portion 3235 of the base plate 323.
The outer plate portion 3235 1n this example includes two
protrusions 323% located on the opposite sides each other
across the fixed projection 323e. The upper frame 302
includes holes 1n positions corresponding to the protrusions
323%. The protrusions 323% are {it 1n the holes formed in the
upper frame 302. The position of the cooling fan 320 in the
upper frame 302 1s defined by the protrusions 3234

As 1llustrated 1n FIG. 23, a plurality of fixed holes 323w
are formed 1n the outer plate portion 3235 as in the fan plate
portion 44. The fixed holes 323m are attached to the upper
frame 302 by, for example, screws. As explained above, the
cooling fan 320 includes the fixed projection 323e on the
rotation axis C1 thereof. Therefore, the number of the fixed
holes 323m formed 1n the outer plate portion 3235 can be
reduced. Similarly to the fan plate portion 44, the outer plate
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portion 3235 1n this example includes the spreading portion
323» 1n a left side portion thereof. The lower edge of a
curved wall portion 319¢ of the cover 319 1s connected to the
spreading portion 323x. The spreading portion 3237z con-
figures a bottom wall of an air flow path formed on the 1nner
side of the curved wall portion 319¢. The fixed holes 323m
are formed in the spreading portion 323». An fixed hole
323p 1s formed in the forefront portion of the spreading
portion 323xn. The lower edge of the curved wall portion
319¢ of the cover 319 is attached to the fixed hole 323p.
As 1llustrated 1n FI1G. 21, the cooling unit 310 includes a
first heat sink 311 and a second heat sink 312. The heat sinks
311 and 312 are located 1n the radial direction of the cooling
fan 320 from cooling fan 320. In this example, the first heat
sink 311 1s located on the rear side of the cooling fan 320.
The first heat sink 311 1s used for cooling the integrated
circuit 331a. The first heat sink 311 i this example 1s
connected to the mtegrated circuit 331q through a heat pipe
(not shown 1n the figure) attached to the bottom surface of

the first heat sink 311. The second heat sink 312 1s adjacent
to the first heat sink 311. The second heat sink 312 1n this
example 1s arranged on the right of the first heat sink 311 and
located behind and in the right direction of the cooling fan
320. The second heat sink 312 i1s used for cooling the
integrated circuit 332. The second heat sink 312 includes a
heat receiving block 312a 1n the bottom portion thereof. The
heat receiving block 312a 1s arranged on the integrated
circuit 332.

The cover 319 covers the cooling fan 320 and the heat
sinks 311 and 312. The structure of the cover 319 is the same
as the cover 50 explained above. Specifically, as 1llustrated
in FIG. 20, the cover 319 includes an upper wall portion
319a located on the upper side of the heat sinks 311 and 312
and the cooling fan 320 and a peripheral wall portion 31956
that surrounds the cooling fan 320 and the heat sinks 311 and
312. The peripheral wall portion 3196 descends from the
edge of the upper wall portion 319q toward the upper frame
302. The lower edge of the peripheral wall portion 3195 1s
attached to the upper frame 302.

The peripheral wall portion 3195 1s a portion correspond-
ing to the side wall portion 51 explained above. Therelore,
similarly to the side wall portion 51, the peripheral wall
portion 3195 includes, n the front portion thereot, a curved
wall portion 319¢ curved along the outer circumierence of
the cooling fan 320. An air flow path extending along the
outer circumierence of the cooling fan 320 1s formed
between the curved wall portion 319¢ and the cooling fan
320. As 1illustrated in FIG. 21, the peripheral wall portion
3195 includes side wall portions 3194 that continues to one
end of the curved wall portion 319¢ and a side wall portion
319¢ that continues to the other end of the curved wall
portion 319¢. The first heat sink 311 and the second heat sink
312 are located between the side wall portions 3194 and
319e.
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The upper wall portion 319a includes an opening 319/ 55

located on the upper side of the cooling fan 320. The
opening 319/ has an mner diameter corresponding to the
outer diameter of the cooling fan 320. In this example, the
inner diameter of the opening 319/ 1s slightly smaller tha

the outer diameter of the cooling fan 320. The inner cir-
cumierential edge of the opeming 319715 located closer to the
rotation axis C1 than the ends of the fins 324 of the cooling
tan 320 1s. When the cooling fan 320 rotates, the air 1s taken
into the cover 319 through the opening 319/ and the vent
holes 302¢ and 3024 formed in the upper frame 302. The air
1s pushed out in the radial direction of the cooling fan 320.
The air flowing out from the cooling fan 320 toward the
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curved wall portion 319c¢ 1s sent to the second heat sink 312
through an air flow path formed on the inner side of the
curved wall portion 319¢ along the outer circumierence of
the cooling fan 320. The air tlowing out from the cooling fan
320 to the rear side, more specifically, the air flowing out
from the cooling fan 320 to between the side wall portions
3194 and 319¢ 1s directly sent to the heat sinks 311 and 312.

The electronic apparatus explaimned above includes the
circuit board 303, the upper frame 302 configured to cover
the circuit board 303 and attached to the circuit board 303,
and the cooling fan 320 arranged on the upper frame 302,
including the bottom portion (the base plate 323) attached to
the upper frame 302, and having the rotation axis C1
extending along the thickness direction of the circuit board
303. On the base plate 303, the fixed projection 323e
projects toward the upper frame 302 to secure the clearance
between the base plate 323 and the upper frame 302.
Theretfore, 1t 1s possible to suppress the vibration of the
cooling fan 320 from being transmitted through the upper
frame 302 to the devices such as the hard disc drive H
supported by the upper frame 302.

The fixed projection 323e 1s attached to the upper frame
302. Consequently, 1t 1s possible to simplily the structure of
the cooling fan 320 compared with structure 1n which an
exclusive projection for securing a clearance between the
base plate 323 and the upper frame 302 1s provided.

The fixed projection 323e 1s located on the rotation axis
C1 of the cooling fan 320. Consequently, 1t 1s possible to
reduce the number of attachment places of the cooling fan
320 to the upper frame 302.

The cooling fan 320 includes, in the bottom portion
thereol, the center plate portion 323a and the outer plate
portion 3235 that surrounds the outer circumierence of the
center plate portion 323a. The fixed projection 323e 1is
formed on the center plate portion 323a. The outer plate
portion 3235 1s 1n contact with the upper frame 302. Con-
sequently, it 1s possible to smooth the air flow F1.

The lower surface of the outer plate portion 3235 15 1n
contact with the upper frame 302. The recesses 323/ and
3232 are formed on the lower surface of the outer plate
portion 3235. Consequently, it 1s possible to reduce the
contact area between the outer plate portion 32356 and the
upper tframe 302. Thus, 1t 1s possible to suppress the vibra-
tion of the cooling fan 320 from being transmitted through
the upper frame 302 to the devices such as the hard disc
drive H fixed to the upper frame 302.

Various changes may be made concerning the electronic
apparatus explained above.

For example, a projection projecting toward the base plate
323 of the cooling fan 320 may be formed on the upper
frame 302. And thus, a clearance may be formed between the
upper frame 302 and the base plate 323 by the projection.

The fixed projection 323e 1s not always provided on the
rotation axis C1 of the cooling fan 320. In this case, a
plurality of fixed projections 323e¢ may be provided in the
center plate portion 323a of the base plate 323.

A projection for securing a clearance between the outer
plate portion 3235 and the upper frame 302 may be formed
in the outer plate portion 32356 as well.

A positional relation between the cooling fan 320 and the
heat sinks 311 and 312 1s not limited to the positional
relation explained above. Various changes may be made
concerning the positional relation.

The projection for securing the clearance between the
center plate portion 3234 of the base plate 323 and the upper
frame 302 1s not always formed in a columnar shape. For
example, a ring-shaped projection may be formed in the
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outer circumierential portion of the center plate portion
323a. The clearance may be secured between the center
plate portion 323a and the upper frame 302 by the projec-
tion.

The 1nvention claimed 1s:

1. An electronic apparatus comprising;

a circuit board;

a frame formed by a plate having a size corresponding to
the circuit board or a size larger than the size corre-
sponding the circuit board and covering the circuit
board, the circuit board being fixed to the frame;

a cooling fan located on an opposite side of the circuit
board across the frame and attached to the frame, the
cooling fan configured to rotate around a column-like
stator that 1s directly attached to the plate of the frame
with a rotation axis that overlaps a point at which the
cooling fan 1s attached to the frame;

an air flow path on the frame through which air discharged
from the cooling fan passes; a cover having a shape for
covering the air flow path and define a wall of the air
flow path together with the frame; and

a heat sink disposed inside the cover,

wherein the rotation axis i1s perpendicular to the circuit
board,

wherein the air flow path 1s formed 1n an outer circum-
ference of the cooling fan,

wherein the cooling fan includes a plurality of fins
arranged 1n a circumierential direction around the col-
umn-like stator,

wherein the column-like stator includes a disk-like bottom
portion having a fixed hole for attaching the column-
like stator to the frame, and the

disk-like portion 1s located on an interior of the plurality
of fins near the rotation axis.

2. The electronic apparatus according to claim 1, wherein

the fixed hole 1s located on the rotation axis.

3. The electronic apparatus according to claim 1, wherein

the frame includes, 1 a part thereot, a plate portion that
configures a bottom surface of the air flow path,

the cooling fan includes a fan plate portion that increases
in width 1 an airtlow direction away from an outer
circumierence of fins of the cooling fan, and

the fan plate portion 1s located on an outer side of an outer
edge of the plate portion of the frame and configures the
bottom surface of the air flow path together with the
plate portion of the frame.

4. The electronic apparatus according to claim 1, wherein

a heat sink including a plurality of fins located in the air
flow path 1s arranged on the 1nner side of the cover, and

the frame has a shape that avoids the plurality of fins.

5. The electronic apparatus according to claim 4, wherein

a hole 1s formed 1n the frame, and

the heat sink 1s located inside the hole.

6. The electronic apparatus according to claim 3, wherein

the frame defines the position of the heat sink.

7. The electronic apparatus according to claim 1, further

comprising;

a housing which houses the cooling fan; and

a ventilation opening opened toward an outside of the
housing, wherein

the air tflow path continues from the cooling fan to the
ventilation opening,

an electronic part 1s mounted on the circuit board, and
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a vent hole located in the air flow path and opened toward

the electronic part 1s formed in the frame.

8. The electronic apparatus according to claim 7, wherein
the vent hole overlaps the electronic part 1n a direction in
which the frame and the circuit board face each other.

9. The electronic apparatus according to claim 8, wherein
the vent hole 1s located right above the electronic part.

10. The electronic apparatus according to claim 7,
wherein the vent hole 1s formed 1n a position avoiding a
region on a downstream of the heat sink.

11. The electronic apparatus according to claim 10,
wherein a position of the vent hole deviates from the heat

sink 1 a direction orthogonal to an air flow direction 1n the
air tlow path.

12. The electronic apparatus according to claim 7,
wherein

the cooling fan 1s arranged such that a rotation axis thereof
1s perpendicular to the circuit board,

the air flow path includes a first air flow path formed in an
outer circumierence of the cooling fan and a second air
flow path following the first air flow path, where the
second air flow path has a flow path cross-sectional
area larger than a flow path cross-sectional area of the
first air flow path, and

the heat sink and the vent hole are located in the second
air tlow path.

13. The electronic apparatus according to claim 7,
wherein a plurality of vent holes each defined as the vent
hole are formed 1n the frame.

14. The electronic apparatus according to claim 13,
wherein positions of the plurality of vent holes deviate from
one another 1n a direction orthogonal to an air flow direction
in the air flow path.

15. An electronic apparatus comprising:

a circuit board;

a frame formed by a plate and covering the circuit board

and attached to the circuit board;

a cooling fan arranged on the frame, the cooling fan
including a column-like stator arranged at a center of
the cooling fan,

wherein the column-like stator includes a disk-like bottom
portion having a fixed hole for attaching the column-
like stator directly to the plate of the frame, and

the disk-like portion 1s located on an interior of the
plurality of fins near a rotation axis of the cooling fan,

wherein the rotation axis of the cooling fan 1s along a
thickness direction of the circuit board, the rotation axis
overlapping the fixed hole point at which the column-
like stator 1s attached to the frame; and

a projection projecting from the disk-like portion toward
a top surface of the frame to secure a clearance between
cooling fan and the frame.

16. The electronic apparatus according to claim 135,
wherein the projection on the rotation axis of the cooling
fan.

17. The electronic apparatus according to claim 15,
wherein

the cooling fan includes, 1n the bottom portion thereot, a
center plate portion and an outer plate portion that
surrounds an outer circumierence of the center plate
portion,

the projection 1s formed 1n the center plate portion, and

the outer plate portion 1s 1n contact with the frame.
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